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Immunocytochemical localization of vertebrate 
gastro-intestinal hormone-like substances and their 
role in the midgut digestive enzyme activity in 
Cybister tripunctatus Ol. (Coleoptera: Dytiscidae) 


D. B. Tembhare’* and U. S. Indurkar 


Department of Zoology, Nagpur University Campus, Amravati Road, 
Nagpur 440033, India 


ABSTRACT: In the aquatic beetle, Cybister tripunctatus, the Gastrin, CCK and VIP- 
like immuno-reactive substances were localized in both the cerebral neurosecretory 
cells and midgut endocrine cells. Glucagon-like substance also was observed in 
the midgut endocrine cells suggesting secretion of the vertebrate gastro-intestinal 
hormone-like substances by both the brain neurosecretory and midgut endocrine cells 
in C. tripunctatus. Extracts of brain and midgut elevated midgut digestive enzyme 
level, mostly due to the presence of the vertebrate gastro-intestinal hormone- or 
sulfakinin-like substances. © 2005 Association for Advancement of Entomology 


KEYWORDS: Brain neurosecretory cells, Midgut endocrine cells, Immunocytochem- 
istry, Cybister tripunctatus, Digestive enzymes 


INTRODUCTION 


Recently, some workers (Gade et al., 1997; Predel et al., 2001; Nichols, 2003) re- 
viewed the accumulated information on localization, isolation and characterization of 
several neurohormones in the insects and discarded the old concept of localization or 
co-localization of several vertebrate hormones in the brain, ventral ganglia and midgut 
endocrine cells. According to these workers, immunocytochemical demonstration of 
vertebrate hormones in insects represents, in fact, endogenous insect hormones, sul- 
fakinins or tachikinins rather than the vertebrate hormones assumed earlier. In this 
context, it becomes inevitable to reinvestigate the immunocytochemical characteris- 
tics of the brain neurosecretory cells and midgut endocrine cells along with their func- 
tional significance. The present work was, therefore, aimed at immunocytochemical 
localization of some vertebrate peptide hormones in the cerebral neurosecretory cells 
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and midgut endocrine cells and their role in regulation of midgut digestive enzyme 
activity in Cybister tripunctatus. 


MATERIALS AND METHODS 
Animals 


Cybister tripunctatus beetles were collected from local fresh water ponds during the 
monsoon season in the years, 2000-2003. The adult beetles were acclimatized at room 
temperature (27-32 °C), photoperiod (12L: 12D) and humidity (65-75 RH) for a week 
prior to conducting the studies. 


Histological techniques 


The cephalic neuroendocrine complex and ventral ganglia were dissected in saline and 
immediately fixed in Bouin’s fixative for 24 h at the room temperature. The Bouin’s 
fluid fixed organs were washed thoroughly in distilled water, dehydrated in ascending 
grades of ethanol, cleared in xylene and embedded in paraffin wax. The 4 um thick 
sections were cut and stained with Bargman’s chrome-alum haematoxylin-phloxin 
(CHP) and Ewen’s aldehyde fuchsin (AF). 


Immunocytochemical technique 


The brain and midgut were dissected out in insect saline and fixed in cold Bouin’s 
fluid for 18 h. Both the structures were cryoprotected in 10%, 20% (1 h) and 30% 
(overnight) sucrose solution and 10-12 jim thick sections were cut on cryostat at 
—20°C. The sections were mounted on poly-L-lysin coated slides and processed for 
immunocytochemistry. 

The sections were rinsed in phosphate buffer saline (PBS, pH 7.45) for 15 min, 
followed by treatment with 2% bovine serum albumin (BSA) in PBS containing 
0.4% Triton K-100 for 20 min. Sections were incubated with primary polyclonal 
Gastrin, CCK, VIP and Glucagon- antibodies (Sigma) at 1:1000 dilutions for 2 h 
at room temperature. The sections were rinsed in PBS for 10 min and incubated 
with biotinylated secondary antibody (Sigma) at 1:100 dilutions for | h. The sections 
were washed in PBS for 10 min. and incubated in extravidin-peroxidase conjugate 
(Sigma) for | h. The sections were again rinsed in PBS for 10 min. For visualization 
of the antigen-antibody complex, the sections were incubated for 5-7 min in solution 
containing hydrogen peroxide that served as substrate and 3-amino-9-thylcarbozole 
as chromogen. Redish-brown stained material in the sections indicated the positive 
reaction. The specificities and cross reactions of the above antisera in immunostaining 
preparations of brain neurosecretory cells and midgut endocrine cells were tested 
by liquid-phase pre-adsorption of the diluted antisera with various concentrations 
separately and destaining was found distinctly. 
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Preparation of the brain and midgut extract 


The brain and alimentary canal were dissected out in insect Ringer’s saline. The 
midgut was separated from the foregut and hindgut. Contents of the midgut were 
flushed out. The midgut and brain were washed in insect saline thrice and transferred 
to the fresh insect Ringer’s saline. 


Insect Ringer’s saline containing midgut and brain were homogenized in a glass 
homogenizer. The homogenate was centrifuged at 10,000 rpm for 10 min at 4°C. 
The supernatant was used as an incubation solution in the bioassay experiment. The 
homogenate contained a concentration equivalent to 2 midguts/brains/10 ml saline 
and it was used to determine the effect on in vitro digestive enzyme secretion in the 
midgut. 


Bioassay apparatus 


A glass cylinder, 5 cm x | cm diameter was used as the bioassay apparatus. The open 
end was fitted with a rubber stopper. The hypodermic needle was inserted through the 
stopper at one side for the delivery of oxygen. The midgut ligated at both the ends 
was suspended from a fine hook fixed on another side of rubber stopper. The chamber 
of the bioassay apparatus was filled with the incubation solution so that the midgut 
should be immersed completely. Then the apparatus was kept in a water bath at 37 °C. 


The midgut was incubated with 2 ml of the incubation solution (midgut epithelial 
extract or brain extract) in the bioassay apparatus for 15, 30, 45 and 60 min, and 
a gentle stream of oxygen was supplied continuously. After incubation, the midgut 
was taken out and washed in insect saline. The gut was transferred to cold citrate 
phosphate buffer (pH 6.8), homogenized gently, centrifuged at 10,000 rpm for 10 min 
and supernatant was used for estimation of amylase and protease activity, by the 
method of Ishaaya and Swirski (1970); Snell and Snell (1971) respectively. 


In the control experiments, ligated midguts were incubated in insect saline. 


RESULTS 
The cerebral neurosecretory cells 
Cytomorphology, classification and distribution 


In the brain of C. tripunctatus, paired groups of the medial, lateral, posterior, ventral 
and optic neurosecretory cells are well-evident and in accordance with staining affinity 
and other cytomorphological characteristics, they were classified into the A, B and 
C cells (Indurkar, 2004). The classification, staining affinities, cytomorphological 
characteristics and distribution of the neurosecretory cells in the brain are summarized 
in Table 1. 
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TABLE 1. Cytomorphology, classification, distribution and immunoreactivity of 
neurosecretory cells in the brain 


Staining affinity Size Shape Distribution 
Cell Diameter (um) 
type CHP AF Cell Nucleus Cell Group Number 
A Blue-Black Purple 18.45+2.05 10.25+2.05 Pyriform MNC 12 
B Red Purple 14.35 + 2.05 10.25 +2.05 Spherical MNC 20 
NSG in LNC 6 
greenish VNC 8 
cytoplasm ONC 7 
C  Blue-black Purple MNC 6 
NSG in red NSG in LNC 4 
cytoplasm brownish 22.55+2.05 9.56 + 1.36 Spherical VNC 6 
cytoplasm ONC 8 


CHP — Chromalum haematoxyline phloxin; AF — Aldehyde fuchsin, MNC, LNC, PNC, 
VNC, ONC — Medial, lateral, posterior, ventral and optic neurosecretory cells respectively; 
NSG - Neurosecretory granules. 


TABLE 2. Immunoreactive midgut endocrine cells 


Midgut endocrine cell Size (Diameter in um) Immunoreaction 
Cell Nu Gastrin CCK VIP Glucagon 

Oval with short 14.35 +2.64 5.46 + 1.36 + = — - 
tubule (close-type) 

Spherical without 9.56 + 1.36 6.83 +1.36 — + = a 
tubule (close-type) 

Cylindrical with long 18.45+2.05 9.36 + 1.36 — - + = 
tubule (open-type) 

Conical without 10.25 +2.05 6.51.7 — - - + 


tubule (close-type) 


Immunocytochemistry 


A single medial B cell showed Gastrin- positive immunoreactivity (Fig. 1). Only one 
medial A cell and one C cell reacted positively with the CCK antisera (Fig. 2). All 
medial B and C cells were found immuno-positive with the VIP antisera (Fig. 3). 


The midgut endocrine cells 


The immunocytochemical studies demonstrated four types of endocrine cells inter- 
mingled with the columnar epithelial cells in the posterior region of the midgut. They 
vary from each other in their shape, size and sensitivity to the polyclonal antisera of 
some of the vertebrate gastrointestinal hormones (Table 2). Immunopositive reaction 
was never found in the midgut papillae. 
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FIGURES l-7: 1. Medial B cells showing yastrin + ve immunoreactivity (X-360); 2. Medial A and C cells 
showing CCK + ve immunoreactivity (X-500); 3. Medial B and C cells showing VIP + ve immunoreactivity 
(X-360); 4. Tubular close-type cell showing gastrin + ve immunoreactivity (X-2500); 5. Spherical close- 
type cell showing CCK + ve immunoreactivity (X-500); 6.Cylindrical open-type cell showing VIP + ve 
immunoreactivity (X-500); 7.Conical close-type cell showing glucagon + ve immunoreactivity (X-500). 
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FIGURE 8. Amylase activity BRE-Brain extract, MGE-—Midgut extract, CON-Control. 


The Gastrin immunoreactive midgut endocrine cells were recognized as the oval, 
tubular, close-type endocrine cells due to termination of the short tubular process 
within the epithelium blindly. The Gastrin immunoreactivity was observed distinctly 
in the cell body and tubule of the cells after staining with Gastrin antisera (Fig. 4). The 
CCK immunoreactive midgut endocrine cells were spherical, close-type cells without 
tubule and closely associated to the circular muscle layer. The CCK immunoreactivity 
was observed distinctly in the cells (Fig. 5). The VIP immunoreactive midgut 
endocrine cells were elongated, cylindrical, open-type cells with long tubular process 
extending up to the lumen. The entire cell body and tubule were fully filled with VIP 
+ve stained material (Fig. 6). The Glucagon immunoreactive cells were conical, close- 
type midgut endocrine cells showing glucagon immunoreactivity in their perikarya 
(Fig. 7). 


Effect of brain and midgut extract on midgut enzyme activity 


In the presence of brain extract, the midgut amylase activity was elevated significantly 
in comparison to that in the controls at each time interval — 15, 30, 45 and 60 min 
(P < 0.01) while the midgut extract causing significant increase only at 30 min 
(P < 0.01), 45 and 60 min (P < 0.001) intervals (Fig. 8). 

Midgut protease activity increased in the presence of brain and midgut extract after 
15, 30 and 45 min duration. Although the elevated level of protease activity was equal 
at 15 min interval (P < 0.01), the effect of brain extract (P < 0.001) was found 
higher than that of midgut extract (P < 0.01) at both, the 30 and 45 min intervals 
(Fig. 9). 


DISCUSSION 


To a great extent the cytomorphological details, neurosecretory cell types and 
distribution as paired medial, lateral and ventral neurosecretory cells (MNC, LNC, 
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FIGURE 9. Protease activity. BRE—Brain extract, MGE—Midgut extract, CON—Control 


VNC) in the brain of Cybister tripunctatus resemble very much with that noticed in 
Cybister limbatus (Prasad, 1979). Besides MNC, LNC and VNC, Barde (1981) already 
reported the presence of optic neurosecretory cells (ONC) in the optic lobes in Cybister 
regulosus and they are also observed distinctly in the optic lobes of C. tripunctatus as 
well. 

In C. tripunctatus, the Gastrin-like immunopositive substance in one of the medial 
B cells, CCK-like substance in one of the medial A and C cells and VIP-like substance 
in all of the medial B and C cells were noticed. 

The Gastrin/CCK-like immunoreactivity has already been observed in the NSC 
and CC of various insects. Duve and Thorpe (1984) observed these immunoreactions 
in corpora cardiaca and retrocerebral complex of Calliphora vomitoria. Hansen et 
al. (1987) observed them in CC-CA complex suggesting the appearance of these 
antigens early in evolution within neural elements and COOH-terminal region of 
Gastrin conserved during phylogeny, Andries er al. (1991) noticed immunoreactivity 
of the Gastrin/CCK, VIP antisera in the brain, suboesophageal ganglion and corpora 
cardiaca of Aeschna cyanea. Tamarelle and Vanhems (1997) characterized a new 
neurosecretory cell-type containing Gastrin/CCK peptides in the pars intercerebralis 
region of the brain of Schistocerca gregaria. The distribution of CCK was traced 
out in the cerebral neurons projecting to the retrocerebral complex in the blow fly, 
Protophormia terraenovae (Yoshitaka et al., 2002) and Triatoma infertans (Beatsiz, 
2003). 

Similarly, in the midgut of C. tripunctatus, strong immunoreactions in the tubular 
close-type cells with gastrin, spherical close-type cells with CCK, cylindrical open- 
type cells with VIP and conical close-type cells with Glucagon antisera were found. 
The midgut endocrine cells of the Colorado potato beette, Leptinotarsa decelineata 
were also imrouoreactive to four different monoclonal antibodies (De Loof, 1987). 
Gastrin / CCK +ve midgut endocrine cells have been described in several other 
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insects (Kramer et al., 1977; Yui et al., 1980; Duve and Thorpe, 1981). The 
Gastrin/CCK-like peptides were isolated and sequenced from cockroaches (Nachman 
et al., 1986). The Glucagon +ve midgut cells are also reported in tobacco hornworm, 
Manduca sexta (Tager et al., 1975) and enteroglucagon-like immunoreactive material 
in Periplaneta americana (Iwanoga et al., 1981). Insect glucagon-like factor has 
recently been investigated and characterized. It is found that AKH may play glucagon- 
like role in insects (Kim and Rulifson, 2004). The presence of V1P-positive midgut 
endocrine cells were reported earlier in Aeshana and Blaberus (Andries and Tramu, 
1985a,b). The diuretic peptide receptor noticed in insects has been found to be related 
structurally to the VIP receptor in mammals suggesting the relationship between VIP 
and diuretic peptides in insects (Ha ef al., 2000). 

According to the current research findings, Gastrin/CCK-like immunoreactivity is 
likely to be attributed, at least in part, to the sulfakinins (Nichols er al., 1988; Schoofs 
et al., 1990; Fonagy et al., 1992; Predel et al., 1999). Sulfakinins have been shown 
to stimulate digestive enzyme secretion in the weevil, Rynchophorus ferrugineus 
(Nachman et al., 1997) and hindgut contraction in the cockroach, Leucophaea 
maderae (Nachman et al., 1986). In the opinion of some workers, neuropeptides, such 
as sulfakinins, myosuppressins and allatostatins alter digestive enzyme activity in vitro 
(Nachman et al., 1997; Fuse et al., 1999; Wei et al., 2000; Harshini et al., 2002; Hill 
and Orchard, 2005). 

In the water beetle, Cybister tripunctatus the effect of brain and midgut extracts 
on the midgut amylase and protease activity strongly suggests the stimulatory 
effect of both the extracts on the midgut enzyme secretion. These results certainly 
signify the role of vertebrate gastrointestinal hormone-like substances (sulfakinins, 
myosuppressins and allatostatins) in the brain and midgut extracts regulating digestive 
enzyme activity. 
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ABSTRACT: The impact of human interference such as cattle grazing and cutting of 
trees for firewood and fodder on insect diversity, was studied in Sholayar forests in 
Kerala, India. The experimental plots were laid out in such a way that all possible 
levels of forest degradation were covered. The flora of the undisturbed areas had 
good representation of primary species. In the disturbed areas, although the primary 
species were present, their numbers were low and there was invasion by secondary 
tree species and weeds. The fauna of the undisturbed area contained more of arboreal 
insects belonging to Geometridae, Saturnidae and Cossidae while the disturbed area 
contained more of herbaceous feeding insects of the families Pyralidae, Noctuidae 
and Chrysomelidae. The diversity indices for plants and insects calculated separately 
for the two habitats showed marked difference and were seen significantly correlated 
indicating the negative impact of forest disturbance on insect species diversity. 
© 2005 Association for Advancement of Entomology 
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INTRODUCTION 


The role of biodiversity in maintaining life support systems of the biosphere is well 
recognized. Insects, because of their relatively high number and diversified roles in the 
functioning of natural ecosystems, are economically and ecologically very important. 
However, even minor perturbations in the ecosystem may affect their survival and 
many species are likely to become extinct. It has been stated that extinction of a 
single species may trigger extinction of several other species that are related to it. 
Investigations on the factors affecting survival of organisms in different ecosystems is 
very important for developing appropriate conservation measures. 
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Among terrestrial ecosystems, the tropical forests are known for their rich biodiver- 
sity. However, being located in under-developed or developing countries, the pressure 
on these forests is very high and as a result many areas are getting degraded. In India, 
the tropical forests along the Western Ghats are known to be rich centres of biodiver- 
sity (Cherian, 1983; Larsen, 1987a,b,c, 1988; Mathew, 1992; Mathew and Rehamath- 
ulla, 1993, 1995; Mathew er al., 1998, 2000a,b, 2004). Incidence of fire, plantation 
programmes, cutting of trees for fodder and firewood and cattle grazing are some of 
the major disturbance to forest ecosystems in these regions, each of which has been 
studied in detail (Mathew eft al., 1998, 2000a,b, 2004). The present paper deals with the 
impact of human interference involving forest cutting (for firewood and fodder) and 
cattle grazing on insect species diversity. This study was carried out in forest patches 
located at 948 msl adjacent to the human settlements at Sholayar in Kerala, India. 


MATERIALS AND METHODS 
Study area 


Sholayar, situated in the Central Forest Circle of Kerala, falls between north latitudes 
10°15 and 10230 and east longtitudes 26220 and 76°55 (Viswanathan, 1958). 
The altitude varies from 30 m at the foot of the hills to over 1200 m on the 
hills. The area gets the benefit of both the southwest and northeast monsoons and 
has an average rainfall of over 3500 mm annually. The most luxuriant type of 
forest vegetation in this region is the evergreen forest, which is characterized by 
the presence of a relatively large number of tall tree species that grow to a height 
of up to 45 m. The major tree species of the top canopy are Cullenia exarillata, 
Dipterocarpus bourdillonii, D. indicus, Diospyros assimilis, Dysoxylum malabaricum, 
Hopea parviflora, Palaquium indicum, Polyalthia fragrans, Vateria indica, Mesua 
ferrea and Myristica malabarica. In the lower canopy, Actinodaphne hookeri, Aporusa 
lindleyana, Canarium strictum, Cinnamomum spp. Diospyros microphylla, Holigarna 
arnottiana, Hydnocarpus wightiana, Litsea sp., and Garcinia sp. are the major tree 
species. 

In addition to the trees, there are several species of twiners and stragglers forming 
understorey vegetation. The major species include Calamus rotang, C. travencoricus, 
Clausena wildenovii, Croton malabaricum, Glycosmis pentaphylla, Ixora sp., Entada 
scandes, Diascorea sp., Derris, sp. Laportea crenulata, Strobilanthus sp., Curcuma, 
sp., Selaginella sp. and Cardamom. Various kinds of mosses, ferns and orchids are 
also seen in abundance. 


Sampling methods 


The study was carried out in representative piots taken along a transect in such a way 
that both disturbed and undisturbed areas were covered. Altogether eight plots were 
taken, of which four plots were in the disturbed and four in the undisturbed areas. The 
plot size was 625 m? (25 m x 25 m) and the distance between plots was 25 m. Data on 
vegetation and insects were collected from all the eight plots and from this, indices 
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of diversity, dominance, evenness and species richness of plants and insects were 
computed separately for the disturbed and undisturbed plots. Details of methodology 
followed for sampling plants and insects is given in Mathew er al, (1998). 


RESULTS 
Vegetation studies 


Out of the 25 tree species found in the undisturbed area, 22 species each were 
represented as mature trees and tree saplings and 21 as tree seedlings (Table 1). There 
were only 2 species of shrubs and only one species of climber. The tree species 
were fairly abundant in comparison to species belonging to the ground vegetation. 
Density was high in the case of tree seedlings (468). Palaguium ellipticum, Aglaia 
sp., Myristica dactyloides, Mesua ferrea, Cullenia exarillata, Holigarna arnottiana, 
Casearia bourdiloni and Persea macrantha were the common tree species. The 
diversity index was more or less the same for mature trees (2.90), tree saplings (2.89) 
and tree seedlings (2.84). The species richness index was high for tree saplings (1.60) 
and mature trees (1.46) and low for all the other categories suggesting a flourishing 
forest stand. Evenness index for mature trees, tree saplings and tree seedlings was high 
and more or less the same compared to that of shrubs and herbs. 

In the disturbed area, 15 species were present of which 12 were represented as trees 
and one each of tree sapling, shrub, herb and climber (Table 1). Density was low for 
all categories of plants particularly the trees (46) compared to the undisturbed area. 
The tree species showed dominance of moist deciduous species such as Cassia fistula, 
Dalbergia latifolia, Lagerstroemia microcarpa, Emblica officianalis, Tectona grandis 
and Terminalaia paniculata which have colonized the area following disturbance. The 
diversity index for mature trees was only 2.37. The species richness index was high 
in the case of tree seedlings and tree saplings. Evenness index was nil in the case of 
tree saplings, shrubs, herbs and climbers. This could be due to the fact that due to 
extreme disturbance most of the natural vegetation was affected leading to excessive 
weed growth especially of Lantana camara and Mikania micrantha which suppressed 
the growth of other ground vegetation in the area. 


Insect community studies 


One hundred and sixty three species belonging to 27 families of 9 orders and 63 
species of insects belonging to 27 families of the same orders were collected from 
the undisturbed and disturbed areas respectively (Table 2). A list of identified insects 
has been given by Mathew et al. (1998). 


Species richness 


Data on the number of species collected in various months from the undisturbed area 
have indicated that higher numbers of species obtained were in September 1996 (58) 
and June 1996 (53), and the least in February 1997 (10). In the disturbed area, 
maximum number of species collected was in September 1996 (20) followed by 
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TABLE 1. Characteristics of the vegetation in the undisturbed and disturbed! sites 
at Sholayar 


Community Plant categories 
Parameters Cate- Mature Tree Tree Shrubs Herbs Climbers Total 
gory Trees saplings seedlings 

No. of UD 22 22 21 2 0 I 25 
species D 12 l 2 I I 1 15 
No. of UD 226 190 468 65 0 23 972 
plants D 46 1 2 77 65 46 237 
Diversity UD 2.90 2.89 2.84 0.54 0 0 3.03 

index D 2:37 0 0.69 0 0 0 1.85 

Richness UD 1.46 1.60 0.97 0.25 0 0.2 0.80 

index D 1.77 l 1.41 0.11 0 0.15 0.97 

Evenness UD 0.94 0.93 0.93 0.78 0 0 0.94 

index D 0.95 0 l 0 0 0 0.68 


'UD-—Undisturbed; D-Disturbed; Plot size: 25 m x 25 m; Replicates: 4 plots per habitat. 


TABLE 2. Number of insect species collected at Sholayar in different months 


Area 1996 1997 
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Total 


Undisturbed 53 16 48 58 51 46 38 31 10 17 27 36 163 
area 
Disturbed IS 6 13 20 12 16 9 Il 15 14 #18 13 63 
area 


April 1997 (18) and the least in July 1996 (6). Variations were statistically significant 
in the undisturbed (x? = 70.76) and disturbed areas (x? = 11.79). 


Species richness index 


The species richness index was found to be higher for the undisturbed area (5.49) 
compared to the disturbed area. This could be due to the extreme simplification of the 
floral elements in the disturbed area due to severe anthropogenic disturbances. As a 
result, there were only a few trees and the ground flora was mostly occupied by weeds, 
particularly Mikania micrantha, Lantana as well as low grasses. 


Dominance index 


The dominance indices of insect Orders at Sholayar is given in Table 3. The dominant 
insect orders with respect to number of individuals in the undisturbed area were Lep- 
idoptera (65.01) and Coleoptera (27.29). In the disturbed area, Isoptera (34.52), Lepi- 
doptera (26.95) and Coleoptera (22.93) were the dominant groups. Maximum number 
of species collected belonged to Lepidoptera, both in the undisturbed (71.17%) and 
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TABLE 3. Dominance indices of insect orders 
collected from Sholayar 


Order Dominance indices 

Undistrubed area Disturbed area 
Coleptera 27.29 22.93 
Dictyoptera 0.91 0.71 
Diptera - 0.47 
Hemiptera 1.59 8.99 
Hymenoptera 1.25 0.71 
Isoptera 0.79 34.52 
Lepidoptera 65.01 26.95 
Neuroptera 0.91 - 
Orthoptera 1.70 2.60 
Plecoptera 0.57 2.13 
— No record. 


TABLE 4. Number of insects recorded at Sholayar in various months 


Area 1996 1997 Total 
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 


Undisturbed area 73 18 114 152 133 92 70 63 17 31 74 46 883 
Disturbed 30 9 136 32 32 26 29 29 21 18 4l 20 423 
area 


Chi-squire test showed highly significant differences in the number of species over various 
months in the undisturbed (x? = 335.25) areas. 


in the disturbed areas (34.93%). Least number of species collected belonged to Ple- 
coptera (0.61%) and Orthoptera (0.61%) in the undisturbed area and Diptera (1.59%) 
and Dictyoptera (1.59%) in the disturbed area. 


Species abundance 


The monthly collection of insects is presented in Table 4. The number of insects 
recorded ranged from 17 to 152 in the undisturbed area and 9 to 136 in the 
disturbed area. Maximum number of insects recorded from the undisturbed area was 
in September 1996 (152) and lowest in February 1997 (17). For the disturbed area, 
maximum collection was in August 1996 (136) and least during July 1996 (9). 


Species diversity 


Month-wise Shannon’s index of diversity for various study sites at Sholayar is 
presented in Table 5. Maximum diversity was recorded in the undisturbed area (4.79) 
compared to the disturbed area (3.13). When the month-wise diversity was compared, 
highest diversity index was recorded during June 1996 for the undisturbed area (3.86) 
and September 1996 in the case of disturbed area (2.76). Least values obtained were 
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TABLE 5. Species diversity index for insects collected from Sholayar 


Area 1996 1997 Total 
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May 


Undisturbed 3.86 3.74 2.72 3.80 3.83 3.71 3.53 3.34 2.15 2.77 2.36 3.52 4.79 
area 
Disturbed 2.27 1.68 0.68 2.79 1.96 2.66 1.58 2.31 2.62 2.58 2.40 2.32 3.13 
area 


TABLE 6. Truncated lognormal distribution at Sholayar 


Class Upper class Observed Expected 
boundary species species x? 
Behind vail line 0.5 - 1.57 - 
1 2.5 53 54.59 0.500 
2 4.5 45 51.12 0.730 
3 8.5 70 29.56 1.830 
4 16.5 21 22.01 0.050 
5 825 8 9.8 0.330 
6 - 2 1.92 0.003 
Total 199 200.57 2.993 


during February 1997 in the undisturbed area (2.15) and during August 1996 in the 
case of disturbed area (0.68). 

Significant difference was obtained in diversity of insects between undisturbed and 
disturbed areas at Sholayar (¢ = 14.03), which shows that the undisturbed area is more 
diverse than the disturbed area. 


Distribution model 


A truncated lognormal distribution was fitted to the data (pooled data from undisturbed 
and disturbed areas) from Sholayar. The observed and expected number of species was 
compared using y* goodness of fit test. The test showed no significant difference 
between the observed and expected distribution (Table 6). This is because the 
distribution pattern of species is following truncated lognormal distribution (x? = 
13.96) indicating that there are not many rare species of insects to be collected from 
Sholayar and that there were just 2 species that could not be collected in the survey. 


Evenness or equitability index 


Shannon’s evenness index was calculated for the study areas and the index was found 
to be high (0.94) for the undisturbed area and low for the disturbed area (0.76), 
indicating rich species diversity in the undisturbed area. 
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Similarity measures 


Modified Sorenson’s similarity index was also calculated for disturbed and undis- 
turbed areas and the value obtained was 0.38. This shows that there exists only weak 
similarity between disturbed and undisturbed areas at Sholayar. 


DISCUSSION 


The study area at Sholayar contained 1209 plants belonging to 32 species and 1306 
insects belonging to 199 species. The overall diversity index was 3.13 for plants and 
4.74 for insects. The disturbed area had less number of plants and insects compared 
to the undisturbed area. The insect and plant diversity indices were significantly 
correlated (r = 73.49% at P = 0.05) which indicates that plant and insect diversity 
are interrelated and reduction in plant diversity will adversely affect insect diversity. 


The flora and fauna also showed specialisation. The vegetation in the undisturbed 
areas contained a high proportion of mature trees, tree seedlings and saplings 
while the disturbed areas contained lesser number and there was an increase in 
the number of shrubs and herbs most of which were weeds. The undisturbed 
areas had good representation of primary species like Palaquium ellipticum, Aglaia 
sp., Myristica dactyloides, Mesua ferrea, Cullenia exarillata, Holigarna arnottiana, 
Casearia bourdiloni and Persea macrantha. In the disturbed areas, although the 
primary species were present, there was invasion of various secondary species like 
Scolopia crenulata, Walsura trifolia, Celtis sp., Albizia chinensis, Macaranga indica 
and M. peltata and weeds like Clerodendrum viscosum, Mikania micrantha and 
Lantana sp. 


With regard to the faunal composition, the undisturbed area contained more of 
arboreal feeding insects belonging to the families, Geometridae, Saturnidae and 
Cossidae whereas the disturbed areas were abundant in herbaceous feeding forms 
belonging to the families Pyralidae, Noctuidae and Chrysomelidae. 


Earlier studies on the impact of other forms of forest disturbance such as incidence 
of fire, establishment of dams or conversion of natural forests into plantations have 
shown drastic reduction in insect diversity in the altered habitats. Anthropogenic 
disturbances involving cattle grazing and forest cutting (for fodder and firewood) 
are the common forest disturbance at several locations along the Western Ghats 
(Mathew et al., 1998, 2000a,b, 2004). The present investigations have shown that 
such disturbances can bring about drastic changes in the structure and composition of 
forest vegetation, which in turn affects the survival of various organisms including the 
insects. Adoption of appropriate site amelioration programmes such as raising of fuel 
wood plantations and providing pasture areas in the vicinity of human settlements may 
be required to minimize the pressure on forests and to conserve the rich biodiversity 
present in such pristine forests. 
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Discolomidae of Nagaland, India with decription of 
a New Species (Coleoptera: Cucujoidea) 


T. K. Pal 
Zoological Survey of India, M-Block, New Alipore 700053, India 


ABSTRACT: Three species of Discolomidae viz., Aphanocephalus johni Pal, A. 
superbus Pal and A. angulus sp. nov. are recorded and described from Naga- 
land. A key to the Indian species of Aphanocephalus Wollaston is appended. 
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INTRODUCTION 


The Discolomidae, otherwise referred to as Notiophygidae, is a moderately large 
family of Cucujoidea with about 400 described species under 18 genera. The family 
occurs in tropical and subtropical parts of both the Old and New Worlds with more 
diverse representatives in the eastern hemisphere. Pal (1992) recorded this family 
from Arunachal Pradesh, India and described three more species from Sikkim (Pal, 
1996) and one species from Mizoram (Pal, 2000). These brought the Indian species 
of the family to six, of which five belong to Aphanocephalus Wollaston and one to 
Paramaschema Heller. The discolomids are small (1-5 mm), rounded beetles with 
glabrous or setose surface, head deeply inserted into prothorax, 8-10-segmented 
antenna with a single-segmented club, hind coxae largely concealed and appear 
globular, and trimerous tarsi. During a recent survey of Nagaland, three species of 
this family, including a new species of Aphanocephalus, were found and these are 
reported in this paper. 


Systematic account 


Family: Discolomidae 


Genus Aphanocephalus Wollaston 
Aphanocephalus Wollaston, 1913, Ent. Mon. Mag., 9: 278 (Type: hemisphaericus 
Wollaston). 
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Diagnosis: Body broadly ovoid, strongly convex dorsally and flattened ventrally, 
glabrous vestiture consisting of minute setae not generally visible at lower magnifica- 
tion; transverse head with small eyes, 9-segmented antenna with a large club; strongly 
transverse prothorax with weakly rounded and smooth lateral sides, front coxal cavi- 
ties closed behind, mesocoxal cavities closed and sternal fitting in a straight line, hind 
coxae widely separated; abdomen with broad intercoxal process and freely articulated 
ventrites. 


1. Aphanocephalus johni Pal 


Aphanocephalus johni Pal, 1992, Hexapoda, 4: 47. 

Diagnosis: Body oblong-ovate, about 1.2x longer than broad, convex, shiny, finely 
punctate-pubescent, uniformly dark reddish-brown except for paler front margin of 
pronotum; head almost concealed from above by pronotum, fronto-clypeal suture 
situated just in front of antennal bases; antennal club large, elongate, about one- 
third as long as antenna, with two preapical annulations and appearing a compact 
three-segmented structure; front margin of prothorax slightly concave, lateral margin 
feebly rounded and finely bordered, two lateral pits situated close to antero-lateral and 
posterior angles; elytra about as broad as long. Length: 2.08-2.48 mm. 

Material: 25 ex. India: Nagaland, Dimapur District, Rangapahar Wildlife Sanctuary, 
130 m., 31.x.1998, T.K. Pal, ex. under bark. 

Distribution: India: Arunachal Pradesh, Nagaland (New record). 


2. Aphanocephalus superbus Pal 


Aphanocephalus superbus Pal, 1996, Hexapoda, 8: 15. 

Diagnosis: Body oblong-ovate, about 1.8x longer than broad, finely punctate- 
pubescent, uniformly dark reddish-brown except antennae and legs; head almost 
concealed from above by pronotum, fronto-clypeal suture situated a little above 
antennal bases; antennal club large, elongate, about one-fourth as long as antenna, 
with single preapical annulation; front margin of prothorax deeply emarginate, lateral 
margin feebly rounded and finely bordered, single lateral pit visible on front angle and 
none on border close to posterior angle; elytra about 2.5x longer than broad. Length: 
1.22-1.34 mm. 

Material: 9 ex. India: Nagaland, Phek District, Phek, nr. NAP Campus, 1250 m, 
24.x.1998, T. K. Pal, ex. flowering plants. 

Distribution: India: Sikkim, Nagaland (New record). 


3. Aphanocephalus angulus sp. nov. 


General appearance (Fig. 1) oblong, ovate, about 1.45x as long as broad, convex 
dorsally and flattened ventrally, little shiny, finely punctate-pubescent; dark brown 
except paler narrow antero-lateral part of pronotum; antennae little lighter than 
dorsum. 
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FIGURES l-3; Aphanocehalus angulus sp. nov.: |, Dorsal view (scale = 1.0 mm), 2, Exposed pari of head 


and antenna (scale = 0.75 mm), 3, Acdeagus, Lateral view. 


Head small, exposed part distinctly transverse, partly concealed from above by 
pronotum; fronto-clypeal suture situated just in front of antennal insertions, less 
distinctly impressed; clypeus with pubescence denser and more distinct than on 
pronotum; eyes moderately large but partly visible from dorsal side. Antenna (see 
Fig. 2) short, shorter than pronotum, scape moderately large, pedicel and segment 3 
narrower and little elongate, segments 4—7 short and subequal, segment 8 little wider 
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than 7; club large, elongate, little shorter than one-fourth as long as antenna, with 
single preapical annulation. 

Prothorax strongly transverse (1.0 : 2.3), narrowed in front, front margin feebly 
emarginate, front angles bluntly rounded, lateral margin arched and finely bordered, 
two lateral pits situated close to anterior angle and at posterior third, posterior angles 
acute, basal margin distinctly sinuate on either side of middle, antero-lateral part of 
pronotum with a narrow short pale strip; puncturation fine and sparse, pubescence 
short and scanty. 

Elytra little elongate (1.1 : 1.0), more than thrice (3.2 : 1.0) as long as prothorax, 
basal margin emarginate and fitting closely with prothorax, humeral angles blunt, 
widest near middle, sides evenly rounded, bordered and little explanate, unicolourous, 
punctures simple, point-like impressions on cuticle, sparse, pubescence short and 
scanty, six large pit-like punctures arranged along elytral border. 

Ventral side little paler, prosternum indistinctly punctate and finely pubescent; 
metasternum with moderately large and dense punctures, little weaker mesally; 
punctation on abdominal ventrites almost similar to that of metasternum, legs 
yellowish-brown with apical third of femora and tibiae lighter; epipleura flat, broad 
basally and acute for entire length. 

Aedeagus (Fig. 3) on one side, median lobe forming a tube with distal end broad 
and blunt; tegmen forming a cap-piece enveloping median lobe, its proximal end broad 
with a kook-like projection, distal end of tegminal cap spatulate and beset with hairs. 

Measurements of holotype: Total length 1.66 mm, width of head across eyes 
0.42 mm, length of antenna 0.52 mm, length and width of prothorax 0.47 mm and 
0.92 mm, length and width of elytra 1.28 mm and 1.10 mm. 


Types 


Holotype <, India: Nagaland, Dimapur District, Rangapahar Wildlife Sanctuary, 
130 m., 31.x.1998, T. K. Pal, ex. under bark (Aedeagus dissected, mounted on a cover 
slip and pinned with the holotype). Paratypes, 4 ex., same data as holotype (Zoological 
Survey of India). 

Etymology: The species name is derived from the anglo-saxon angul, referring to 
the hook-like projection at the proximal part of the tegmen of aedeagus. 

Remarks: This species shows certain resemblances with the Nepalese species, 
Aphanocephalus gorkhus Schwaller in facies and aedeagal features. But it differs from 
gorkhus in having a narrow pale band from antero-lateral part of pronotum posterad 
towards middle; proximal part of tegmen with a hook-like projection, and distally 
median lobe extended little beyond the tip of tegmen. 


Key to the species of Aphanocephalus Wollaston from India 


1. Front margin of prothorax rather deeply and widely emarginated, antero-lateral 
margin of pronotum not paler than remaining part, one pair of lateral marginal 
pits of pronotum present near humeral angles and those near basal third absent. 
Senet PS bean aha D Ba KAKANG akon dle nat ale ama a ag Sa Kan superbus Pal 
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Front margin of prothorax either unemarginate or slightly emarginated, antero- 
lateral margin of pronotum paler (reddish-brown) than remaining part (blackish- 
brown), two pairs of lateral marginal pits near humeral angles and near basal third 


PESENE aia aaa a A KERN a Ba ag a ca Page Bg KN Gaga e Riek a Qin Ta a a Se a a aaa a names 2 
. Antennal club segment with single preapical annulation. .................... 3 
Antennal club segment with two preapical annulations. ..................... 5 
. A pair of median hemispherical paler spots on elytra. ........ maculipennis Pal 
Elytra devoid of hemispherical paler spots and dark throughout, margins narrowly 
paler occasionally; 4.5 ga wn tonite Ag ENGGAN BA Ka eek vhs. Gis. Va anana apah a 4 


. Front and side margins of pronotum with broad, uninterrupted paler band; 
aedeagus with distal end of tegmen bifid, distal end of median lobe foot-shaped. 
Basa Na and ngah anga Aa, a) Me SONY cee ales are Gon dah E aa aa GAGANG ETE convexus Pal 


Narrow paler bands on antero-lateral part of pronotum which extend posterad 
towards middle; aedeagus with distal end of tegmen spatulate and beset with 
setae, median lobe tubular with truncate distal end. ........... angulus sp. nov. 
. Antero-lateral pale border of pronotum uninterrupted and continuous throughout 
its length; aedeagus with distal end of median lobe narrowed and rather broadly 


POM ECs 5 sang jeke BA gn Bag gk deed ea GG a AA ABG be ag E johni Pal 

Antero-lateral border of pronotum interrupted near middle, along front margin; 

aedeagus with distal end of median lobe broad and blunt. .......... sikkima Pal 
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ABSTRACT: Searching, drilling and oviposition by the mymarid egg parasitoid, 
Anagrus flaveolus Waterhouse was studied in laboratory, using eggs of brown 
planthopper, Nilaparvata lugens (Stal). Observations revealed that oviposition by the 
female wasp in host eggs embedded inside the plant tissue was accomplished by 
repeated attempts to drill through the leaf sheath tissue with ovipositor, an act in 
which the parasitoid achieved success after relentless labour. Therefore, one of the 
contributory factors affecting the field parasitism of this species appears to be the 
penetrability of rice leaf sheath. © 2005 Association for Advancement of Entomology 


KEYWORDS: Anagrus, egg parasitoid, behaviour, rice crop, planthoppers 


INTRODUCTION 


Anagrus flaveolus Waterhouse (Hymenoptera: Mymaridae) is a widespread egg 
parasitoid of delphacid hoppers, namely, the brown planthopper, Nilaparvata lugens 
(Stal) and white-backed planthopper, Sogatella ‘furcifera (Horv.), which infest rice 
crops in India. The parasitoid is found in rice fields even at low host densities, which 
could be attributed to its ability to search and find the host eggs quickly and deposit 
most of its egg-load on the first two days of life. The aim of this study was to find out 
how the female parasite is able to locate and oviposit in the host eggs which are well 
concealed inside the leaf sheath tissue of rice plant. 

A vast majority of the alate hymenopteran parasitoids possess an instinct to fly soon 
after emergence in order to disperse to wider areas and get better opportunities to find 
host eggs (Johnson, 1969). Anagrus females generally do not commence parasitizing 
host eggs soon after emergence as the eggs take sometime to mature, although they 
can do so even without mating, parthenogenesis being of common occurrence in 
mymarids. Once in the air, these tiny wasps are probably taken up by the air currents 
and transported to long distances. Their landings in hopper infested rice fields appear 
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to be accidental and since many Anagrus species are not host specific, they could also 
oviposit in alternate hosts if landed in weeds or other crops. Agboka et al. (2003) 
reported that Anagrus atomus females can efficiently discriminate the host infested 
plants from the healthy ones and Mao et al. (2002) found that Anagrus spp. appeared 
in rice fields as early as on the 9th day after rice transplantation and then maintained 
themselves throughout the rice growing period. Various types of semiochemicals, such 
as kairomones and synomones are probably used by the parasitoid to locate host eggs. 
Presence of host damaged plants and host eggs and adults seem to attract the parasite 
adults into the rice fields (Lou and Cheng, 2001; Lou er al., 2002). In this study 
searching, locating host eggs and oviposition by the tiny parasitoids was observed 
in laboratory on a rice stem containing host eggs. 


MATERIAL AND METHODS 


Anagrus adults that emerged from the parasitized field collected host eggs were held 
for 24 hrs for maturation and mating in a glass tube containing rice stem on which 
tiny drops of 30% honey and water solution were placed to serve as food. Next day 
a rice stem containing host eggs was introduced into the tube and observations on 
the wasp’s behaviour were made through a stereoscopic binocular microscope. Time 
was recorded with the help of a stop watch and drilling attempts were counted on 
numerical counter. Continuous observations were made for 150 min on the behaviour 
of one wasp at a time. An average of ten such observations on different wasps was 
made. 


RESULTS AND DISCUSSION 
Searching 


In laboratory, one day old female of Anagrus flaveolus, when placed on a rice plant 
containing host eggs, commenced searching immediately, by walking rapidly from 
one end of the stem to another and drumming the surface with quickly palpating 
antennae (Fig. 2A). The wasp could somehow sense the existence of host eggs which 
are inside the plant tissue, when it drummed the surface over the eggs, perhaps by the 
differential sound waves produced by the drumming over the egg-bearing and non- 
egg bearing leaf sheath tissue. Visible bases of host eggs never provided any clue 
to the searching parasitoids, which often bypassed and ignored them and sometimes 
drilled some distance away from them. The wasp detected the presence or absence 
of host eggs in a 15 cm long rice stem containing about 100 host eggs, within one 
min (0.91 + 0.14 min). To ensure the exact location of host egg mass in leaf sheath, 
the wasp moved forward drumming the surface vigorously and upon crossing the egg 
mass area, quickly turned back and drummed again. By repeatedly doing so the wasp 
could outline the exact spot where the host egg mass existed inside the leaf sheath 
tissue and then commenced drilling at a suitable spot (Fig. 1). The observer often 
knew the location of host eggs by their visible bases and hence could test the accuracy 
of the wasp’s work. In 86.7% cases the drumming operation led to the selection of a 
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FIGURE 1. Flowchart showing searching, drilling and oviposition behaviour of Anagrus 
flaveolus. Figures denote frequencies of action. 


suitable spot for drilling but sometimes the wasp moved to a different place to repeat 
searching. 


Drilling 


The drilling operation followed immediately after successful searching and involved 
female wasp’s effort to penetrate the hard leaf sheath epidermis with its pointed 
ovipositor so that it could deposit its egg inside the host eggs which are embedded deep 
inside the leaf sheath tissue. At the time of drilling, the antennae became motionless 
and the wasp raised its body high by stretching the legs, and drew the ovipositor 
down at right angle to the body, so that its tip touched the leaf sheath epidermis. The 
ovipositor was then pushed downward in an attempt to penetrate the epidermis. In 
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FIGURE 2. Searching and oviposition behaviour of Anagrus flaveolus. A, Drumming the leaf 
sheath surface with vibrating antennae; B, Attempting to drill with ovipositor, C, Trying 
different angles in the same hole if host egg is not struck; D, Ovipositing into the host egg. 


case of failure to penetrate the epidermis, ovipositor was lifted up and pushed again at 
a different point. Although 99% of such drilling attempts failed, the wasp continued 
drilling at the same spot and only in 20% cases it moved to a different spot to search 
and drill. On an average, each wasp spent 26.89 min (+3.29) in searching and failed 
drilling attempts, before achieving success. As the dissection of field-collected leaf 
sheaths often revealed that egg masses are either entirely parasitized or not parasitized 
at all, it is reasonably safe to assume that the parasitoids continue to search and 
oviposit at the same spot after locating an egg mass. Uninterrupted observations for 
150 min on five Anagrus females revealed that the wasps spent only 0.8% of their 
time in feeding, 3.2% in sitting and cleaning, while 91.3% time was spent in searching 
and unsuccessful drilling attempts. Only 4.7% of their time was spent in successful 
drillings and oviposition. In 80% of cases the wasps searched and drilled repeatedly 
at the same location, in spite of failures. When the female eventually succeeded in 
penetrating leaf sheath epidermis, it gradually inserted the entire ovipositor in. If 
the ovipositor did not strike the host egg, which happened in almost 90% of time, 
it was pulled out almost up to the tip and then inserted again in the same hole but 
at different angle (Fig. 2C). This process was repeated till a host egg was struck. 
However, if repeated attempts also did not provide any contact with the host eggs, 
the ovipositor was withdrawn and fresh drilling attempts were made either at the same 
spot or elsewhere. But if the ovipositor struck the host egg, oviposition followed. In 
the laboratory one out of ten successful drillings of leaf sheath provided contact with 
the host eggs. 


Searching and oviposition behaviour of Anagrus flaveolus 307 


Oviposition 


While ovipositing, the wasp remained motionless with its entire ovipositor inserted 
into the leaf sheath tissue. The only visible movement in the wasp’s body was 
the movement of abdominal muscles on the ventral side (Fig. 2D). During egg 
transfer, the abdomen was pulled up while the ovipositor remained in place and the 
parasitoid pushed the egg down the ovipositor by making vigorous movements of 
abdominal muscles. The ovipositor was then withdrawn and further searching and 
drilling commenced immediately, mostly at the same location. The entire process of 
oviposition took 3-8 min. 

This study indicates that although Anagrus has high searching capacity, it takes the 
female wasp considerably long time to drill the leaf sheath and parasitize host eggs, 
and hence a slight increase or decrease in host density in the field may not considerably 
change the parasitization rate. Moreover, penetrability of the leaf sheaths of different 
rice varieties might also affect field parasitization. The parasite engages in drilling 
and oviposition act tirelessly throughout the day during the first two days of life, after 
which its searching capacity and fecundity is significantly reduced. 
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ABSTRACT: A new genus, viz., Virendrania gen. nov. with its type species V. 
orancistroceri sp. nov. is described from India. This new genus closely resembles 
Ceratomansa Cushman and Buysmania Cheesman but it can be distinguished by the 
combination of the following characters: first abdominal tergite without dorso-lateral, 
median dorsal and ventro-lateral carinae, spiracle of first abdominal tergite behind its 
midlength, ovipositor distinctly longer than the body, ovipositor tip having teeth on the 
upper valve and frons without median horn. A key to the Baryceratine genera of the 
Indo-Australian Region is also provided. © 2005 Association for Advancement of Entomology 


KEYWORDS: Ichneumonidae, Virendrania, new genus, V. orancistroceri, new species, 
India, Vespid hosts 


INTRODUCTION 


Ichneumonidae, having thirty nine subfamilies, is the largest family of the Order 
Hymenoptera, with approximately 60,000 species (Townes, 1969; Yu, 2002). The 
Baryceratine Ichneumonids belong to the tribe Cryptini of the subfamily Cryptinae and 
a total of twelve genera of these Ichneumonids have been recorded from the World, 
of which six genera are from Indo-Australian Region (Wahl, 1999). The pertinent 
references to the taxonomy of Baryceratine genera include those of Cushman (1922), 
Uchida (1932, 1956); Townes (1970); Jonathan (1971) and Gupta (1987). In this paper, 
a new genus is erected from India, viz., Virendrania gen. nov., with V. orancistroceri 
Sp. nov. as its type species. The new genus is parasitic on vespid wasps, which are 
found nesting on fallen logs of Jackfruit tree. A key to the Baryceratine genera of 
the Indo-Australian Region is also provided. The types of the new taxa described are 
deposited in the Western Ghats Regional Station of the Zoological Survey of India, 
Kozhikode, Kerala (ZSIK). 
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Genus Virendrania nov. 
Type-species: Virendrania orancistroceri sp. nov. 


Description Body length excluding ovipositor = 12-16 mm, clypeus apically 
truncate; frons without horns; malar space 0.35—0.43x basal width of mandible; length 
of mandible 3.7-4.0x its median width; occipital carina complete, evenly arched; 
epomia long and strong; notauli sharp, extending beyond middle of mesonotum, 
sternaulus extending to base of mid coxa; median part of posterior mesosternal carina 
long and straight; propodeum with complete, strong basal carina; areolet without 
second intercubital vein; nervulus slightly basal of basal vein; nervellus intercepted 
at its lower 0.18; mediella moderately arched; first abdominal tergite with a lateral 
strong tooth at base, without dorso-median, dorso-lateral and ventro-lateral carinae; 
ovipositor longer than body; upper valve as well as lower valve of ovipositor with 
series of teeth, 


Distribution India (Kerala). 


Etymology The generic name is after Prof. Virendra K. Gupta (Gainesville, 
Florida) for his valuable contribution to the systematics of Ichneumonidae. Feminine 
gender. 


Biology Parasitic on Vespids. 


Remarks This new genus closely resembles Ceratomansa Cushman in having 
notauli sharp and distinct, extending beyond middle of mesonotum. However, it differs 
from the same in having (1) no horns on frons; (2) ovipositor distinctly longer than 
body and (3) being parasitic on vespids (Ceratomansa parasitic on limacodid pupae). 

This new genus is also similar to Buysmania Cheesman as horns are wanting on the 
frons and upper margin of the pronotum is swollen. But the new genus differs from 
it in having (1) epomia long and strong (in Buysmania epomia short and weak), (2) 
ovipositor distinctly longer than body (in Buysmania ovipositor shorter than body; 
(3) first tergite without any longitudinal carinae (first tergite with distinct median 
dorsal, dorso-lateral and ventro-lateral carinae in Buysmania) and (4) being parasitic 
on vespids (in Buysmania hosts are lepidopterans). 


Virendrania orancistroceri sp. nov. (Fig. 1-6) 
Holotype: Female: 


Length excluding ovipositor = 12.6 mm. Body covered with fine, white, short 
pubescence, hairs longer on hind margin of metanotum and propodeum. 


Head 


In dorsal view (Fig. 3) HW = 2.78 mm and HL = 0.89 mm; 2HW = 2.78 mm and 
HL = 1.67 mm in front view (Fig. 2); face rugoso-punctate, punctures shallow, sides 
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of face with close punctures; clypeus punctate, interstices smooth, indistinct towards 
apex, apex truncate; malar space granulose, 4.0x basal width of mandible; mandible 
long, 4.0x as long as its width in middle, punctate, smooth at apex; frons punctate, 
punctures deeper than on face, sides of frons largely smooth, with median longitudinal 
carina; antennal scrobe moderately deep, rugose; interocellar distance 0.5x ocellocular 
distance, 1.5x distance between median and lateral ocelli; vertex and temple with 
fine, shallow, evenly distributed punctures; occipital carina complete, evenly arched; 
antenna (Fig. 1) with 34 segments; scape 1.2x as long as its width, 1.5x as long as 
pedicel; pedicel 0.25x as long as first flagellar segment; first flagellar segment 1.23x 
as long as second flagellar segment, 9.6x as long as its width, 5.3 as long as last 
flagellar segment; second flagellar segment 1.1x as long as third flagellar segment. 


Thorax 


4.7x as long as HL in dorsal view; pronotum trans-striate in middle, extreme upper 
margin shallowly punctate, below upper margin largely smooth, pronotal collar and 
lower margin punctate, epomia distinct, reaching to upper margin, not turning mesad; 
mesoscutum deeply and closely punctate, interstices carinate; notauli distinct and 
sharp, extending beyond middle of mesoscutum; scutellum and metascutellum with 
distinct, deep punctures; lateral carina of scutellum extending to its basal 0.5; meso- 
pleurum rugose on upper half, rugoso-punctate on lower half and below sternaulus; 
speculum smooth and shiny; sternaulus extending to base of mid coxa; metapleurum 
deeply punctate, interstices carinate; propodeum (Fig. 4) deeply punctate, interstices 
carinate, tending to be reticulate, area basad of basal carina deeply punctate, with in- 
terstices smooth, basal carina complete, basal stumps of longitudinal carinae weakly 
present; spiracle oval; FWL = 9.2 mm; FWW = 2.94 mm; HWL = 5.9 mm; HWW 
= 1.7 mm, areolet as in Fig. 5; second intercubitus absent; nervulus slightly basad 
of basal vein; nervellus intercepted at its lower 0.18; hind wing with one basal and 
eight apical hamuli; legs punctate, punctures fine and shallow, except punctures on 
hind coxa deep, interstices smooth. 


Abdomen 


First tergite 2.875x as long as its apical width, 0.95x as long as second tergite, 
distinctly punctate, interstices smooth and shiny, dorso-median, dorso-lateral and 
ventro-lateral carinae absent; spiracle of first tergite 0.2x beyond its mid length; 
second tergite with distinct thyridium (Fig. 1); second and third tergites deeply, closely 
punctate, interstices smooth; fourth and following tergites with shallow punctures, 
punctures indistinct towards apex; length of ovipositor = 18.5 mm; ovipositor 1.47x 
as long as body; upper valve as well as lower valve with distinct teeth (Fig. 6). 


Colour 


Black except following markings: face and clypeus completely except extreme apex 
of clypeus, mandible to its middle, malar space, orbital stripes on frons and vertex 
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Im 


FIGURES 1-6: Virendrania orancistroceri sp. nov. - Female. 1. Body profile, 2. Head - front view, 3. Head 
- dorsal view, 4. Propodeum, 5. Areolet, 6. Ovipositor tip. 


and temple, pronotal collar, upper margin of pronotum, tegula, subtegular ridge, a spot 
on apex of median lobe of mesoscutum, a patch near prepectal carina in middle of 
mesopleurum, hind margin of metanotum, scutellum, metascutellum, a large patch on 
lateral side of propodeum, apical bands on all abdominal tergites, fore and mid coxae, 
fore and mid trochanters and a large dorsal patch on hind coxa yellow; femora and 
tibiae of all legs except extreme apex (0.14) of hind femur, basal 0.1 and apical 0.2 
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of hind tibia orange; fore and mid tarsal segments except fifth tarsal segments pale 
brown with their extreme bases yellowish brown; first and fifth hind tarsal segments 
and fifth tarsal segments of fore and mid legs, wing veins and ovipositor sheath dark 
brown; second to fourth hind tarsal segments brownish yellow; ovipositor deep red; 
flagellar segments fifth dorso-apically, sixth to eleventh dorsally and twelfth baso- 
dorsally white. 


Male 


Similar to female in sculpture and colour. 


Hosts 


Orancistrocerus sichelli Saussure [Hymenoptera: Vespidae] and Rhynchium? sp. 
[Hymenoptera: Vespidae]. 


Biology 


The female V. orancistroceri sp. nov. oviposits in its vespid host, Orancistrocerus 
sichelli Saussure. The nest of the vespid host is in the form of holes on fallen logs 
of Jackfruit tree. The vespid host paralyzes small lepidopteran larvae and these are 
stocked in the nest. After laying eggs, the vespid host closes the nest using mud. The 
female of V. orancistroceri sp. nov. locates the opening of the host’s nest with her 
antennae. She then inserts her long ovipositor through covered opening of the host’s 
nest and lays her eggs. 


Etymology 


The species epithet is after the generic name of the vespid host, ‘Orancistrocerus’ . 


Distribution 


India (Kerala). 


Material examined 


Holotype: 1F, India: Kerala, Kozhikode, Pookad (75°44’E 11°23’N), K. Sudheer, 
21.ix. 2003 ex nest of Orancistrocerus sichelli Sau. (ZSIK) Paratypes: 1F, india: 
Kerala, Thrissur, Peechi (76°13’E 10°31’N), Mohandas, 5. viii, 1999 ex. nest of 
Rhynchium? sp.; 1F, India: Kerala, Malappuram, Tirur (75°55’E 10°54’N), Mufeeda, 
10.x.1999; IF, India: Kerala, Malappuram, Calicut University Campus (75°51’E 
11°7’N), Fathima Sheeba, 2.ii.2001; 1F, India: Kerala, Malappuram, Calicut Univer- 
sity Campus (75°51’E 11°7’N), Saritha, 19.vi.2001; 1F, India: Kerala, Malappuram, 
Calicut University Campus (75°51’E 11°7/N), V. Indu, 10.viii. 2001; 1F, India: Ker- 
ala, Malappuram, Calicut University Campus (75°51'E 11°7’N), Saritha, 18.viii.2001; 
IF, India: Kerala, Malappuram, Calicut University Campus (75°51’E 11°7’N), Bindu, 
10.x1.2001; IF, India: Kerala, Malappuram, Calicut University Campus (75°51'E 
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11°7/N), Ruxana, 13.xii.2002; IF, India: Kerala, Pookad (75°44’E 11°23’N), K. Sud- 
heer, 16.xi.2003. ex nest of O. sichelli Sau.; 1F, India: Kerala, Kozhikode, Pookad 
(75°44’E 11°23’N), K. Sudheer, 23.xi.2003 ex. nest of O. sichelli Sau., LF, India: 
Kerala, Kozhikode, Pookad (75°44’E 11°23’N), K. Sujatha, 2.vii.2004 ex. nest of O. 
sichelli Sau., IF, India: Kerala, Malappuram, Calicut University Campus (75°5 VE 
11°7’N), T. K. Sudheesh Kumar, 1 1 .viii.2004; IM, India: Kerala, Malappuram, Cali- 
cut University Campus (75°51'E 11°7'N), M. Sheeba, 13.viii.2004 (All specimens 
deposited at ZSIK). 


Key to the Indo-Australian genera of subtribe Baryceratina 


l. First abdominal tergite without dorso-lateral, median dorsal and ventro-lateral 
carinae (Fig. 1); apical carina of propodeum always absent medially (Fig. 4) .. 2 
= First abdominal tergite always with dorso-lateral carina distinct, median dorsal 
carina and ventro-lateral carina present or absent; apical carina of propodeum 
complete or incomplete ..........4+2 see cee ee ee ee erent nett seen rete aana 3 
2. Frons with a median horn; ovipositor always shorter than first abdominal tergite 
eer re Ceratomansa Cushman 
= Frons without a median horn (Fig. 3); ovipositor distinctly longer than body 
sedan Maven eng ta, bape E apa ib th gag a ad agan anaa gags Virendrania gen. nov. 
3. Median part of posterior mesosternal carina represented by tubercle; notauli 
absent or indistinct, if present weak and usually behind mid length of mesoscutum 


a BN Ee Ra EA KK ma KG GAM KE AKA pend Bae aa e a Aa NINES gle parade ew 4 
— Median part of posterior mesosternal carina usually straight, not as tubercles, 
notauli distinct, usually reaching beyond mid length of mesoscutum.......... 9 


4. Body metallic blue, purple or green in colour, ventro-lateral carina of first 
abdominal tergite complete; areolet quadrangular, nervulus little distad of basal 
VEIN casi tidied haw bacieg is RA a E Chlorocryptus Cameron 

- Body not metallic, not blue, purple or green, ventro-lateral carina of first 
abdominal tergite absent; areolet pentagonal; nervulus opposite basal vein 

5 ag na gg Ba a aa ga ne er ce cee Jonathania Gupta 

5. Epomia long and strong; upper margin of pronotum paralleled by a strong 
foveolate groove; mesopleural fovea connected with mesopleural suture by a 
short strong groOve.......--...-6- Brussinocryptus Pagliano and Scarramozino 

— Epomia of moderate length and weak or absent, upper margin of pronotum not 
paralleled by a groove, sometimes with a faint impression; mesopleural fovea 
connected with mesopleural suture by a very shallow groove or not connected 


6. Upper margin of pronotum strongly swollen; first abdominal tergite with ventro- 
lateral carina strong and complete, median dorsal carinae distinct from base of 
tergite to centre of postpetiole.......... 06s eee eee Buysmania Cheesman 

— Upper margin of pronotum not swollen; ventro-lateral carina and median dorsal 
carina of first abdominal tergite absent or faint.............. Prionacis Townes 
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Abbreviations 


HL = Head Length; HW = Head Width; FWL = Fore Wing Length; FWW = Fore 
Wing Width; HWL = Hind Wing Length; HWW = Hind Wing Width; ZSIK = 
Western Ghats Regional Station of the Zoological Survey of India, Kozhikode, Kerala, 
India. 
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Editaaleyrodes indicus, a new genus and species of 
whitefly (Hemiptera : Aleyrodidae), from India 
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ABSTRACT: A new genus and species of whitefly (Aleyrodidae) viz., Editaaleyrodes 
indicus, collected from the plant Dichrostachys cinereae (Daphniphyllaceae) in 
Vandalur (near Chennai), Tamil Nadu, India has been described and illustrated. 
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INTRODUCTION 


A whitefly species collected during November 1990 from the plant, Dichrostachys 
cinereae, at Vandalur (Chennai, Tamil Nadu) has been found to be new and assigned 
to a new genus Editaalevrodes. 


Editaaleyrodes gen. n. 


Type species, Editaalaeyrodes indicus sp. n. 


Diagnosis 
Puparium. White, elongately oval 
Dorsum 


Elevated from submargin by two longitudinal ridges which connect anterior and 
posterior regions; margin crenulate; tracheal pore areas poorly indicated. Transverse 
moulting suture reaching margin, longitudinal moulting suture extending to first 
abdominal segment. Submedian abdominal depressions present. Abdominal segment 
VII is much reduced than segments VI and VIII. Thoracic tracheal furrow not 
indicated. Caudal furrow indicated with granulated markings. 
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Chaetotaxy 


Usual anterior and posterior marginal setae absent but setae present on margin and 
submargin. Cephalic, first and eighth abdominal and caudal setae present. 


Vasiform orifice 


Not elevated, cordate with a distinct notch posteriorly; lingula exposed with a pair of 
pointed setae. 


Venter. Thoracic tracheal fold with polygonal markings. 


Etymology 


The new genus is named after my wife late Mrs. Edita David. 


Comments 


Editaaleyrodes resembles the genera Aleurolonga, Brazzaleyrodes and Ramsesseus 
which are reported to infest Fabaceae. However, it differs from Aleurolonga which has 
an unique prolongation of the antero- and postero-lateral margins, possesses anterior 
and posterior marginal setae, and thoracic tracheal fold lack polygonal markings. 
It differs from Brazzaleyrodes which has the transverse moulting suture extending 
to abdominal segment 8 and lack submedian abdominal depressions and polygonal 
markings in thoracic tracheal fold. It differs from Ramsesseus which has only posterior 
marginal setae, elevated vasiform orifice and lack submarginal ridges connecting 
anterior and posterior regions. 


Editaaleyrodes indicus sp. n. (Fig. 1) 
Puparium 


White, devoid of wax secretion. Size 1.1 x 0.4 mm to 1.5 x 0.6 mm. Found singly on 
the undersurface of leaves. 


Margin 


Crenulate, 10-14 crenulations in 0.1 mm. Thoracic and caudal tracheal pores poorly 
indicated. 


Dorsum 


Elevated from submargin by tow longitudinal ridges which connect anterior and 
posterior regions. Submedian depressions on meso- and meta-thorax and abdominal 
segments present. Transverse moulting suture reaching margin and longitudinal 
moulting suture reaching first abdominal segment. Two rows of simple minute pores 
on dorsal and submarginal region evident. Abdominal segment VII much reduced than 
segments VI and VIII. Thoracic tracheal furrow absent whereas caudal tracheal fold 
with granular markings. 
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FIGURE 1. Editaaleyrodes indicus sp. n. 


Chaetotaxy 
Cephalic, first and eighth abdominal and caudal setae present measuring, respectively 
90, 43, 10 and 75 um long. Typical anterior and posterior marginal setae absent. 
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However, five pairs of marginal setae, 75 um long on prominent bases, three at the 
anterior and two at the posterior regions present. Seven pairs of submarginal setae 
close to longitudinal ridges, each 72 wm long (three on cephalothorax and four on 
abdominal segments IH, IV, V and VI. Three thin short setae on margin, two on 
cephalothorax in line with meso- and metathorax and one in line with first abdominal 
segment. 


Vasiform orifice 

Not elevated. Cordate, 70 zm x 57 um; operculum 37.5 um x 32.5 wm. Lingula tip 
exposed bearing a pair of long setae. 

Venter 

Thoracic tracheal folds with polygonal markings. Ventral abdominal setae 10 zm long, 
35 um apart. 

Host plant 


Dichrostachys cineraeae (Daphniphyllaceae) 


Holotype 


One puparial case on slide, on Dichrostachys cineraeae, Vandalur, 05.08.1990, Coll. 
P. Meganathan. Deposited in the collections of the Division of Entomology, Indian 
Agricultural Research Institute, New Delhi. 


Paratypes 


Twenty puparial cases on slides bearing details as for holotype. One paratype in the 
collections of Dr. R. W. Alexander Jesudasan, Madras Christian College, Tambaram, 
Chennai and the remaining with BVD. 
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Description of a new species of Euderus 
(Hymenoptera: Chalcidoidea: Eulophidae), an egg 
parasitoid of Alcidodes ludificator (Coleoptera: 
Curculionidae) a pest of Gmelina arborea 
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ABSTRACT: A new eulophid species Euderus alcidodes sp. nov. bred from eggs of 
Alcidodes ludificator (Col. Curculionidae), a pest of Gmelina arborea is described 
from Assam, India. The species is very distinctive from all the known species in 
the Orient (except torymoides) by presence of long ovipositor. It has been compared 
with E. torymoides in detail. Key to the females of Oriental species is also given. 
© 2005 Association for Advancement of Entomology 


KEYWORDS: New species, egg parasitoid, Euderus alcidooles, Alcidodes ludificator, 
Gmelina arborea, Assam, India 


INTRODUCTION 


In a survey of natural enemies of insect pests of Gmelina arborea in Northeast 
India two specimens of an euredine eulophid were bred from the eggs of Alcidodes 
ludificator (= Alcides gmelinae) (Coleoptera: Curculionidae), which is a major pest 
of Gmelina arborea nursery and young plants (Singh et al., 2002). Adult weevil digs 
series of holes in tender branches of host and lay eggs singly into tiem. The parasitoid 
species belonged to the genus Euderus. 


MATERIALS AND METHODS 


Infested branches of the G. arborea were collected from two-year-old plantation at 
Manja, Assam. Portions of branches where the pest had made holes for egg laying 
were identified, cut and kept in jars closed with fine muslin cloth. Parasites, which 
emerged, were collected with the help of aspirator, killed with ethyl acetate fumes and 
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mounted on cards. Dried specimens were studied for colour and sculptural patterns; 
different measurements especially of head, thorax and gaster were taken with a 
stereoscopic microscope. Later the same specimen was dissected and mounted on 
slide as described by Singh and Agarwal (1993). Diagrams were drawn from the slides 
with Camera Lucida (mirror type). All the measurements in the description are in zm 
except otherwise mentioned. The type material was deposited in National Forest Insect 
Collection, Forest Entomology Division, Forest Research Institute, Dehradun. 


GENUS EUDERUS HALIDAY 


It is a cosmopolitan genus found in all the zoogeographical regions of the world. 
Boucek (1988) estimated about 100 species under it but presently 78 species are known 
under it (Noyes, 2003). In Oriental region only nine species have been described 
of which following seven are reported from India (Hussain and Khan, 1986): E. 
agromyzae Gangrade, 1961; E. carpomyiae Bhatnagar, 1950; E. gossypii Ferriere, 
1931; E. lividus (Ashmead, 1886); E. natadae Kurian, 1954; E. pempheriphila Ayyar 
and Mani, 1937 and E. torymorides (Ferriére, 1931). Other two oriental species are E. 
malayensis Ferriere, 1930 and E. masoni Yoshimoto, 1971 (Noyes, 2003). 

Genus can easily be recognized by presence of distinct lines of setae radiating from 
the base of stigmal vein and presence of complete and deep parapsidal furrows. The 
present species is also laterally compressed like some other species included under it. 
They are parasitoids of several groups of insects like leaf tying, mining, twig and fruit 
boring larvae of Lepidoptera and Diptera; stem boring larvae of Coleoptera, eggs of 
some Cerambycidae and Curculionidae. 

Synonymy and revision of the genus is dealt in detail by Yoshimoto, 1971 (N. 
American spp.); Boucek, 1963 (European species); Boucek, 1988 (Australasian spp. ); 
Trjapitzin, 1987 (European, Russian spp); Hussain and Khan, 1986 (Oriental spp). 


Euderus alcidodes Singh, sp. nov. (Figs.1-8) 


Female: Length 1.32 mm long (Holotype) excluding exserted part of ovipositor. Body 
dark brown to blackish with very light greenish and bluish reflections. Thorax slightly 
laterally compressed but gaster more so. 

Head: With prominent raised reticulate sculpture, on occipital and postocciput 
area (when seen dorsally) with normal reticulations; on both sides of mid ocellus 
transversely reticulate, frontovertex below middle ocellus normal. Scrobes very deep 
reaching middle ocellus; antennal prominence sharp at dorsal half. Eye naked. 
Antenna with scape light brown, rest dark brown; setae on antenna translucent; 
apparently each funicle segment with a ring of setae at basal end and length of these 
setae about as long as or even longer than length of their respective segment; tip of club 
pointed. In frontal view (Fig. 2) slightly wider than long (450: 411); 1.6x frontovertex 
width (270). Toruli situated below the middle of head; torulo-mouth-margin distance 
(150), torulus to occipital margin distance (212); intertorular distance (30), torulo-eye 
distance (85). In dorsal view occipital region narrowly rounded, middle ocellus on 
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FIGURES 1-8: Euderus alcidodes Singh, sp. nov. Female (holotype): 1. thorax in dorsal view; 2. head in 


frontal view; 3. antenna; 4. body in lateral view; 5. gaoter of paratype female in profile; 6. fore wing: 7. legs; 
8. dentition of mandible. 
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anterior face while lateral ocelli on posterior side of the margin. POL (180), OOL 
(10)); eye 3.5x as long as malar space length (285:80). Mandible (Fig. 8) with two 
sharp teeth and a truncation. Antenna (Fig. 3) with scape 5.65x as long as wide 
(167:29); pedicel 1.68x (64: 38), Fl 1.14x (51:45), F2-4 each 1.28x (58:45), and club 
2.6x (167:64) as long as wide. 

Thorax (Fig. 1): Dark brown with prominent reticulate sculpture; pronotum on 
lateral one-fourth to fifth with rugulose sculpture and bearing prominent knobs with 
setae. Mesoscutum with four pairs of setae along parapsidal furrow as shown in 
the Fig. |; parapsidal furrows distinct, anterior-lateral margin of middle plate near 
lateral side of pronotum with a distinct knob like swelling; anterio-lateral margins 
of parapsidal plates with similar but smaller knobs. Scutellum with slightly wider 
sculpture as compared to that on mesoscutum, with two pairs of setae at apical portion; 
posterior margin rough. Axillae with finer sculpture. Propodeum with median carina. 
Legs dark brown, tibiae slightly lighter, more at apex; tarsi whitish except brown 
pretarsi. Wings hyaline. Fore wing (Fig. 6) with five dorsal row of setae arising 
beyond the stigmal vein only the posterior most longer, arising at the level of sub-basal 
marginal vein; between these dorsal rows on the ventral side present rows of smaller 
setae. Veins tinged with palish; stigmal distal half prominently light brownish in 
contrast with basal colourless half. Submarginal vein with three setae; below marginal 
a pair of two long setae. Hind wing hyaline, only a row of 6-7 setae below the marginal 
vein, rest of wind disc asetose. 

Pronotum 6x as long as wide (308:51) (not visible when scutum and scutellum 
are in horizontal position, hence not seen in the fig.); mesoscutum 1.32x as wide 
as long (424:321); scutellum slightly wider near base, 1.27x as long as wide (295: 
231); propodeum median length (77) and about 0.26x the scutellum length. Fore wing 
(Fig. 6) 1.95x as long as wide (1131:578); marginal vein (295), post marginal vein 
(77), stigmal vein (51.4); submarginal vein (218), parastigma (141). Legs as in Fig. 7. 

Gaster (Fig. 4): Gaster brown but slightly lighter than thorax, laterally compressed, 
basal segment glaberous, light metallic greenish-blue. Rest with fine sculpture. 
Ovipositor sheaths brown and setaceous. Longer than thorax, laterally compressed, 
2.3x as long as wide (700:300), height (450); T-8 tubular and cover 0.7 of ovipositor, 
length 420. Ovipositor and T-6 raised dorsally as in Fig. 4 (holotype) and Fig. 5 (para- 
type); ovipositor exserted beyond T-7 by 600. I-valvifer coiled inside as in the Fig. 4. 


Material: Holotype, female dissected and mounted under eight covers on a single 
slide; India: Assam, Karbi Anglong, Manja (Between Lanka and Dhipu): 18.vii.1998; 
Sudhir Singh; ex. eggs of Alcidodes ludificator (Coleoptera: Curculionidae) on 
Gmelina arborea plants. National Forest Insect Collection, Forest Research Institute, 
Dehradun, India (NFIC-FRI) Acc. No. 21353. Paratype, | female, card mounted, data 
same as for holotype. 


Host: Eggs of Alcidodes Iudificator (Coleoptera: Curculionidae) pest of Gmelina 
arborea. 


Distribution India: Assam. 


Etymology: Species name is on the name of host genus Alcidodes. 
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Variations There are great variations in size and sculpture of two specimens studied, 
paratype is very small, only 0.9 mm long as compared to holotype which is 1.3 mm 
long (excluding exserted ovipositors). Paratype comparatively has very weak knobby 
structures present on pronotum, mesoscutum and propodeum; sculpture on head and 
thorax is weak but bit wider as compared to the holotype. Ovipositor of paratype is 
exceptionally exserted, 1.22x as long as gaster. 


Comments Presently described species is different from all the known oriental species 
(see key to the species), but is close to Euderus torymoides (Ferriere) for having long 
exserted ovipositor. It differs from it on the following account (character in brackets 
are that of E. torymoides): Scrobes deep (not deep); mandible with two teeth and 
truncation (three teeth); toruli below the middle of face (at middle of face); pedicel 
oval, scape length 2.6x pedicel (pedicel conical, scape 3x pedicel); funicle segments 
squarish or only slightly longer than wide-Fl 1.14x, F2-41.28x each (all segments 
clearly longer than wide-F11.6, F2-31.5x, F41.3x): club equal to three preceding 
funicle segments (2.5 preceding funicle segments); thorax prominently reticulate, 
scutellum with wider sculpture (punctate, scutellum and pleura finely punctate); fore 
wing with five lines of setae, that on posterior margin longest and starting from the 
basal portion of marginal (more or less ten lines of setae, all beyond the stigmal vein); 
gaster longer than thorax (as long as thorax); ovipositor dorsally raised making an 
angle of about 100° with the gaster, and exserted about 0.8 to 1.2x of gaster (makes an 
angle of 140—150°, and exserted by two-thirds of gaster). 


Key to the oriental species of Euderus Haliday based on females 


— 


Ovipositor proturding greatly, as long as or longer than two-thirds of the gaster 2 
Ovipositor short less than one-fifth of gaster length .................02.0005. 3 


N 


All funicle segments clearly longer than wide, pedicel conical, scape 3x pedicel 
nani E A E EE EEE EEE, torymoides 


Funicle segments squarish or only slightly longer than wide, scape length 2.6x 
pedicel shit baa d a Kaba ae e eh bao EEE NE alcidodes sp. nov. 
3. Three lines of setae arising from the base of the stigmal vein, first forming a 
narrow radial cell, I] curved and reaching towards the tip of wing, and III directed 


to the base of the wing; other lines are also present ................000000005 4 

- Lines of setae not as mentioned above ..................0.0000000. agromyzae 

4. First funicle segment equal or shorter than pedicel in length................. 5 
- First funicle segment longer than pedicel ......... 000000 ccc e cess eens 7 

5 First funicle segment equal to pedicel in length................0.0.0. ee ee ues 6 
- First funicle segment shorter than pedicel..............0...0000.0000. gossypii 


6 First funicle segment shorter than second; 4 long setae under the marginal vein; 
ovipositor slightly protruding .............0.200 cece eee e eee ee carpomviae 


First funicle segment equal to second; below marginal vein more than 8 long 
SELA siapa a Sa jang AE aaa Bg ag Aja kag EA a a a dead cee eee aaa pempheriphila 
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7 First funicle segment shorter than second funicle segment; 3 to 4 long setae under 
marginal vein; gaster two times as long as thorax; antenna brown scape yellowish 
on the ventral side, flagellum brownish.....................000055 malayaensis 


- Second funicle segment equal to first segment; about 8 long setae under the 
marginal vein; scape yellow to yellowish orange, flagellum fuscosus; gaster not 
AS IONS iwang seni cate ee ade Hae Melia we bi one ara Bag ad a Reade ats oe RG masoni 


(Two species, i.e., lividus and natadae could not be included in the key as relevant 
description could not be found for the former, and later is based on male sex only). 
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ABSTRACT: Insulin like peptide was localized in the pars intercerebralis region of 
brain of Musca domesica using immunocytochemical methods. Subsequent to the 
isolation and characterization of a hypoglycemic factor in the brain of 3 to 5 day 
old flies, a maximum of two pairs of cells that occupy a middorsal position were 
immunoreactive with anti-Somatomedin C. Of the four different antisera for insulin 
like peptides and a non-related anti-metenkephalin serum used, immunopositivity 
was obtained only against anti-Somatomedin C. It is suggested that the brain 
neurosecretory material of housefly and Somatomedin C share certain homologous 
sequence. © 2005 Association for Advancement of Entomology 


KEYWORDS: Housefly, insulin like peptide, Somatomedin C, immunocytochemistry 


Immunocytochemical studies involving the use of antiserum for the various vertebrate 
peptides as well as the physiological studies have demonstrated that peptide hormones 
have been much conserved during evolution The gastrin and cholecystokinin peptides 
(Duve and Thorpe, 1984; Tamarelle et al., 1988), metenkephalin (Callaerts er al., 
1988; Schoofs et al., 1987; Duve and Thorpe, 1989), melanocyte stimulating hormone 
(Schoofs et al., 1987), vasopressin and neurohypophysin (Davis and Hildebrand, 
1992), glucagon (Kramer, 1985), insulin like peptides (Duve and Thorpe, 1979; Hertu 
et al., 1991), human growth hormones and gonadotropins (Verhaert et al., 1986; 
Verhaert and De Loof, 1986) are some of the vertebrate hormones which appear to 
have their counterparts in insects. Using a two step purification procedure involving 
gel filtration technique and reverse phase high performance liquid chromatography a 
hypoglycemic factor with an apparent molecular weight of 2300 has been isolated 
and characterized from the head extract of 9 x 104 houseflies (Alice and Veera 
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TABLE 1. Details of the primary antibodies used and their im- 
munoreactivity with the brain neurosecretory material of house flies 


Antiserum Nature Concentration Immunoreactivity 
Anti-bombyxin Monoclonal — 1:1000 (-) 
Anti-PTTH Monoclonal 1:1000 (-) 
Anti-SmatomedinC Monoclonal 1:500 (+) 
Anti-ovine Gh Polyclonal 1:500 (-) 
Anti-metenkephalin Monoclonal 1:500 (-) 


Note: (+) Immunopositive (—) Immunonegative. 


Raghavan, 1999). Heterologous bioassays in which Periplaneta americana served as a 
test organism showed that 10 head equivalents of HPLC purified hypoglycemic factor 
from the brain of housefly reduced the sugar levels of haemolymph cockroaches by 
about 50.5%. 

The present work is an attempt to identify the neurosecretory cells in the brain 
of housefly that might possibly be secreting and releasing a hypoglycemia inducing 
peptide. 

Houseflies were reared in the laboratory according to the procedure of Grady 
(1928). The study was carried out in whole mounts as well as the sections of 3 to 
5 day old brain of adult flies according to the procedure followed by Duve and Thorpe 
(1989). The brains were fixed in situ by injecting buffered formalin with a Hamilton 
microsyringe after immobilizing the flies at 4°C. Subsequently the head capsule was 
opened and the brains were left in the fixative for 3 to 24 h. Approximately 100 
flies were used for the study. Anti-bombyxin, anti-prothoracotropic hormone(anti- 
PTTH), anti-somatomedin C(anti-SmC), anti-metenkephalin and anti-ovine growth 
hormone (anti-ovineGH) were the primary antibodies used. The details of the primary 
antibodies, their nature and the concentration used are presented in Table 1. The whole 
brains were washed extensively in Tris-saline buffer (pH 7.6), pre-incubated in bovine 
serum albumen for | h, followed by overnight incubation in primary antiserum in 
a moist chamber at room temperature. Subsequently the tissues were washed with 
a jet of water and rinsed in Tris-saline buffer (pH 7.6) for 5 min. They were then 
incubated in a humid chamber either with anti-rabbit globulin serum or anti-mouse 
globulin serum diluted to 1:50 v/v in phosphate buffered saline (PBS) pH 7.4. After 
lh the tissues were washed twice with PBS and then incubated with rabbit or mouse 
peroxidase-antiperoxidase complex(PAP) diluted to 1:200 v/v with PBS. After an hour 
the tissues were washed with PBS twice. Visualisation of peroxidase was achieved 
by chromogen-3, 3’ diamino benzidine tetrachloride (DAB-4-HCL) as an enzymatic 
substrate in 0.01M Tris-HCl buffer (pH 7.6) in the presence of 0.03% hydrogen 
peroxide. The tissues were immunostained for 20min., washed in GDW and mounted 
in DPX. For obtaining sections, the immunostained whole brains were processed 
and embedded in paraffin. 3 to S5jzm sections were obtained, spread on slides, kept 
overnight at 60°C and mounted in DPX. Method specificity was controlled by using 
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FIGURE 1. Photomicrograph showing anti-somatomedin reactive cells in the brain of M. 
Domestica (x400) [MNC : Median neurosecretory cells, AN : Axon PI : Pars Intercerebralis] 


non-immune rabbit/mouse antiserum. In control preparations secondary antibody or 
PAP or DAB was omitted. 

The results of immunoreactivity of the median neurosecretory cells of M. domestica 
against five different antisera used are presented in Table 1. A positive immunoreac- 
tivity was observed against anti-Sm C. The neurons showing immunoreactivity was 
observed in a few cells. In the brain of 3 to 5 day old flies, a maximum of two pairs 
of cells that occupy a mid-dorsal position were found to be immunopositive against 
anti-Sm C (Fig. 1). In the perikaryon of these cells, the whole cytoplasm contains 
fully stained granules while the nucleus stains negative. The immunoreactive cells are 
smaller in size with a spindle body and a very short axon and there is no axonal ar- 
borisation. Consequently they belong to A type. A very low background staining is 
indicative of the serum specificity. No immunoreactivity could be demonstrated either 
with four other antisera tested or in the control preparations using non-immune serum. 
Likewise no staining occurred when the secondary antibody or PAP or DAB respec- 
tively was omitted from the procedure. These results taken together suggest that the 
positivity observed in the MNC of M. domestica is specific for anti-Sm C. Immuno- 
chemical procedures using PAP system have been used by other workers to establish 
the immunoidentity between insect peptides and vertebrate peptides. In P americana, 
the Sm C was localized in the neuronal cells and axonal fibres of the brain neuroen- 
docrine system and the lining of the midgut epithelium. But the biological activity of 
the substance has not been investigated (Verhaert et al., 1989). The immunoreactivity 
of met enkephalin was observed in gonads, nervous system and the gut of Locusta mi- 
gratoria and Sarcophaga bullata (Schoofs et al., 1987). In the present work since only 
small quantities of the hypoglycemic factor could be isolated from brain of houseflies, 
it was not possible to obtain the specific antibody; hence antisera specific to certain 
of the insulin like peptides were used to detect immunocytochemically the cells that 
might possibly be involved in the synthesis of hypoglycemic factor. Of the five antisera 
used, four of their antigens are structurally similar to insulin. A totally unrelated an- 
tibody, the anti-met-enkephalin was also used. But only the monoclonal antibody for 
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Sm C yielded immunopositivity with the neurosecretory material in the four median 
neurosecretory cells. It is not suggested that the hypoglycemic factor isolated from the 
brain of houseflies and the stainable material found in the four MNC are one and the 
same. However there is an evidence for the partial structural similarity between Sm C 
and the brain neurosecretory material of the housefly. Sm C with a molecular weight of 
7649 is a single chain polypeptide displaying a structural homology to preproinsulin 
(Rinderknech and Humbel, 1978). The hypoglycemic factor from the houseflies is a 
relatively small molecule and based on gel permeation chromatography, its molecular 
weight is estimated to be around 2300. Probably Sm C and the stainable neurosecre- 
tory material from the brain share certain homologous sequences that accounts for the 
immunoreactvity. 
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ABSTRACT: A laboratory experiment was conducted to study the effect of juvenile 
hormone III ({[+] —10, 1 1-Epoxy-3,7,1 | trimethyl-trans, trans-2,6 dodecadienoic acid 
methyl ester) on total haemolymph protein and carbohydrate content of 5th instar 
Bombyx mori at two different dosages of | jg/larva and 10 yg/larva. The results 
of the investigation revealed that the I*j.g treated larvae had significantly higher 
protein content while 10 jg treatment recorded a significantly lower protein content 
at different time intervals when compared to control. The haemolymph carbohydrates 
content of | and 10 yg treated larvae were found to be significantly lower compared 
to their control and the carbohydrate content due to JH-III treatment decreased with 
increase in concentration. © 2005 Association for Advancement of Entomology 


KEYWORDS: JH-III, protein, carbohydrates, Bombyx mori 


Proteins, which form the major constituents of insect haemolymph, undergo both qual- 
itative and quantitative changes during development of insects and such fluctuations 
suggest their regulation by morphogenetic hormones. The carbohydrates serve as a 
major fuel for the growth and development of insects. The insect conserves sufficient 
quantity of energy reserves during larval stage to meet energy requirements at pu- 
pal and adult stages. Carbohydrates present in haemolymph are used principally as a 
source of energy and for synthesis of fat and glycogen. Both the haemolymph pro- 
teins and carbohydrates levels were found to be influenced by the juvenile hormone 
titre during larval-pupal metamorphosis of lepidopterans as suggested by Webb and 
Riddiford (1988). The present study was therefore undertaken to investigate the effect 
of JH-III on the protein and carbohydrate contents of the final instar larva of Bombyx 
mori. 

The disease free layings of PMxNB4D2 a multivoltine cross bred silkworm race 
eggs were procured and reared in the laboratory following the standard method for 
rearing as suggested by Krishnaswami (1978). Soon after the fourth moult the early 5th 
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TABLE |. Effect of Juvenile Hormone III on haemolymph protein and carbohydrate 
contents of Sth instar B. mori 


Days after Protein content Carbohydrate content 
treatment (mg/ml of blood plasma) (mg/ml of blood plasma) 
Control lug 10 ag Control | ug 10 ug 
Day-0 143.5546 143.5546 143.5546 5.9300 5.9300 5.9300 
Day-| 187.0654 195.7675 197.9430 8.7238 3.2171 1.6380 
Day-2 178.3632 187.0653 130.5014 7.4281 2.5288 1.4356 
Day-3 130.5014 143.5546 128.3259 8.0354 2.1239 1.3546 
Day-4 174.0121 121.7992 126.1503 8.8047 1.5166 1.2736 
Day-5 217.5229 243.6293 200.1186 9.2501 2.6098 2.4479 
Day-6 269.7358 282.7890 215.3473 10.1814 2.7313 3.1767 
Day-7 278.4379 293.6667 239.2783 10.5053 3.6221 3.5006 
Mean 197.3992  201.4783* 172.6525* 8.6073 3.0349* 2.5946* 
Treatments Time Interaction Treatments Time Interaction 
SEm+ 7.3509 12.0039 20.7914 0.0891 0.1455 0.2852 
CD (P = 0.05) 14.4077*  23.5277* 40.7512 0.1747* 02852" 0.4940* 


* Significant at 5 per cent level. 


instar larvae of 0-12 hrs old were separated and treated topically with JH II (SIGMA, 
USA) at two different dosages of 1 wg/l0 pl of acetone/larva and 10 yg/10 ul of 
acetone/larva, while the acetone treated larvae served as control The haemolymph was 
collected from randomly selected ten treated larvae at regular intervals of 24 hrs,. till 
pupation. The plasma obtained from haemolymph was stored at —20°C for protein 
and carbohydrate analysis. The total haemolymph protein content was estimated 
according to Lowry ef al. (1951), while the carbohydrate content was estimated 
according to Loewus (1952). The data collected was subjected to factorial completely 
randomized design to find out the significant difference between the parameters of 
JH-II treatment and untreated control. 

The total haemolymph protein content increased by the completion of first day 
followed by a steady decline up to day 3 and thereafter a steady rise till pre-pupal stage 
in control larvae. Similar trend was followed in JH treated larvae, but the declining 
trend continued up to day-4. The 1 ug treated larvae had significantly high total 
protein in their blood plasma at different intervals while 10 ug treated larva recorded 
significantly low protein content compared to control larvae (Table |). 

During final instars in holometabolous insects, fat body produces species specific 
storage proteins which will be secreted into the haemolymph. In B. mori although 
these proteins may be found in the earlier instars their major accumulation occurs 
during the later part of the feeding phase for which a decline in JH is necessary 
(Tojo et al., 1981). The low protein content during first three days after fourth moult 
was also recorded by Plantevin et al. (1987) who suggested that endogenous JH- 
titer present at higher quantities soon after fourth moult disappears completely on 
the third day of the fifth instar,which suppresses the protein levels during the initial 
three days and there after an increase in protein content of haemolymph occur due to 
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reduced JH levels. While in the JH II] treated insects, the suppression of protein levels 
continued up to day-4 which may be due to the additive effect of exogenous JH III 
in association with endogenous JH in suppressing the protein levels for little longer 
period. In I jcg treated insects the day to day protein content and mean total protein 
content was found to be high compared to control, a similar increase in the protein 
content of last instar B. mori was reported after treatment with methoprene by Kajiura 
and Yamashita (1989). They attributed increase in protein concentration was due to 
prevention of sequestration of storage proteins by fat body. Shemshedini and Wilson 
(1993) reported that at low doses JH-III stimulates RNA synthesis in male accessory 
glands and thereby increases protein synthesis. In vitro studies on protein and RNA 
synthesis indicated that JH-H at lower doses is physiologically active while higher 
concentrations may be inhibitory (Anita Mane and Subrahmanyam, 2000) Moreover 
the inhibitory effect of actinomycin D on JH induced RNA synthesis suggests that JH 
stimulates de novo synthesis of proteins. It is also reported that presence of two specific 
binding proteins having high affinity to JH-III one in cytosol and other in the nucleus 
and its binding efficiency to JH receptors controls the JH-III activity (Shemshedini 
and Wilson, 1993). It is therefore suggested that identification of JH receptor proteins 
would be of paramount importance in further understanding the action of JH at the 
molecular level. 

In JH treated insects, carbohydrate content decreased continuously up to day-4 after 
fourth moult and the decline was more in 10 ug treated insects compared to | ug 
treated insects, thereafter the JH III treated insects recorded a continuous increase in 
the carbohydrate content but in a slow pace till pupation. While the control insects 
recorded decline in carbohydrate content only at 48 hrs (Day-2) after fourth moult and 
there after a gradual increase in the carbohydrate content was recorded till pupation. 
The mean carbohydrate content of | ug was found to be slightly higher than 10 ug 
but both the mean carbohydrate contents of | ug and 10 ug treatments were found 
to be slignificantly lower when compared to control (Table 1). The decrease in total 
carbohydrate content (trehalose) in JH treated larvae may be due to interference of 
the compound in absorption of sugar through the gut or inactivation of glycogen 
phosphorylase but such an effect on glycogen phosphorylase enzyme due to juvenile 
hormone treatment was ruled out by Annie John and Muraleedharan (1993) who 
attributed that the decrease in carbohydrate level of JH treatment in Achaea janata 
to the impaired glycogenolysis and suppression of JH on the pattern of mobilization 
of trehalose from fat body glycogen to haemolymph. Chattoraj and Sharma (1988) also 
recorded a similar decrease in the carbohydrate content due to increasing concentration 
of JHa (R-20458) treatment in S. litura to which they attributed possible interference 
of JH compound on carbohydrate metabolism. 
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ABSTRACT: Life-table of Spodoptera litura (Fabricius) reared on fresh leaves of Rici- 
nus communis (Linnaeus), Helianthus annuus (Linnaeus) and Arachis hypogea (Lin- 
naeus) in the laboratory at 30 + 1 °C has been constructed. The net reproductive rate 
(Ro), intrinsic rate of natural increase (rm), finite rate (A) and weekly multiplication 
rate (WMR) were highest on Ricinus communis followed by Helianthus annuus and 
Arachis hypogea. The intrinsic rate of natural increase (rm) of the population on the 
host plant ranges from 0.153 to 0.195 female/female/day and net reproductive rate 
(Ro) from 457.99 to 963.95. The shorter generation time and higher intrinsic rate 
of increase shortened the population time of Spodoptera litura to 3.56 days on Rici- 
nus communis compared with 4.17 or 4.54 days on Helianthus annuus or Arachis 
hypogea. © 2005 Association for Advancement of Entomology 


KEYWORDS: Life-table, intrinsic rate of increase, host plant, Spodoptera litura 


INTRODUCTION 


Spodoptera litura (Fabricius) is a polyphagous pest infesting a wide range of host 
plants under field condition. It commonly occurs and feeds voraciously on Ricinus 
communis, Helianthus annuus and Arachis hypogea. Life-table study is one of the 
useful numerical aids in studying population (Greenberg et al., 2001). It is a summary 
statement on the life of a typical individual of a population helping in studying 
distribution, determination of age and mortality of an organism and individual can 
be calculated. The intrinsic rate of increase is the true measure of the reproductive 
potential of an organism (Chaudhari and Nikam, 2001). 

In many insects, the mortality rate is characteristic of the stage and is not uniform 
for all development stages. The mortality rate of early and late stages are often higher 
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than those of the intermediate stages (Medeiros et al., 2000). Knowledge on the 
number of immature stage and the mortality factors affecting each stage may assist 
in the timing of pest management programme (Edward George, 2000). The standard 
estimator for the growth rate of insect population is the intrinsic rate of increase (rm) 
which describes the maximum rate of increase at any time interval under optimum 
conditions. The rate of multiplication of a population per generation is described by 
the net reproductive rate (Ro), which is dependent on the intrinsic rate of increase 
(Sedlacek et al., 1986). Therefore, an attempt was made to study the life table of 
Spodoptera litura larvae reared on the three host plants to understand its suitability 
for rearing of this insect and also used as a basis for understanding the population 
dynamics for pest management programme. 


MATERIALS AND METHODS 


Adults of Spodoptera litura were collected from Mullikulam village in Tirunelveli 
district of Tamil Nadu, India and maintained in the post-graduate and Research 
Department of Zoology, Ayya Nadar Janaki Ammal College, Sivakasi from November 
2003 to April 2004 at temperature of 30 + 1°C and relative humidity 80-85 percent. 
Known numbers of adult pairs were released for egg laying in cages covered with 
muslin. Eggs obtained from the culture were used for the study to estimation the life- 
table parameters. 

One hundred freshly oviposited eggs were placed in ten plastic containers in 
batches of ten each. The newly hatched larvae were reared on fresh leaves of 
Ricinus communis, Helianthus annuus and Arachis hypogea separately till pupation, 
emergence and oviposition. Mortality from hatching to emergence of adults was 
recorded daily. For each host plant, three replicates were maintained. Fecundity of the 
female was noted daily from emergence to death. The eggs deposited were hatched 
and the larvae reared on respective host plants till emergence. Sex ratio (1:1) of 
the adults emerged on the tested host plant was calculated. Considering the ratio of 
females to males (1 M : 1 F) and the fecundity, the number of female births/female 
was calculated. Using the data on survival, fecundity and life span, life-table was 
constructed according to the method of Birch (1954) and Southwood (1978). 

Life-table was calculated using data from the study described above. The death and 
survival rates (x and 1x) observed each day were recorded for all immature stage and 
adult stages. The probability of surviving from birth to age X (1x) for every immature 
stage and adult stage were also calculated. 

The intrinsic rate of increase (rm) was calculated by using the equation 
$ e*m*lxmxX = l, where, ʻe’ is the base of the natural logarithms, “x” is 
the age of the individuals in days, “1x” is the number of individuals alive at age “X” 
as the proportion of /x and “mx” is the mean number of female progeny per female of 
age “X”. The sum of the products Tema is the net reproductive rate (Ro). The rate 
of multiplication of population for each generation was measured in terms of females 
produced per generation (Srinivasaperummal and Samuthiravelu, 1992). The precise 
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value of cohort generation was calculated as follows: 


Yo lxmxX 
Tce = =. 
Ro 
The arbitrary value of innate capacity for increase “rę” was calculated from the 
equation 
logeRo 
fo = S 
Tc 


This is an appropriate “r,” value. The values of the negative exponent of e™' x 
ascertained from this experiment often lay outside the range. For this reason both 
sides of the equation were multiplied by a factor of $` el MK mi = 1096.6. 

The precise generation time (7) was calculated from the equation: 


logeR 
Ta oge Ro 


Fm 


The finite rate of increase was calculated at ` rm. The weekly multiplication of 
population was calculated as (e’”")’. The doubling time (DT) defined as the time 
required for the population to double its size were calculated as log 2/ log À. 


RESULTS AND DISCUSSION 


Table | provides data on survival and the period for the different stages of S. litura. 
Irrespective of the host plant, the egg stage lasts for 4 days. In the host plant, R. 
communis, the larval stage is completed on the 16th day after oviposition, whereas 
on H. annuus and A. hypogea, it extends up to 19th and 25th days, respectively. 
Pharate pupal period lasts for one day and remains constant on all the tested host 
plants. Similarly, the pupal duration also does not vary significantly in R. communis 
(11 days) whereas in A. hypogea, it was 8 days. On the whole, S. litura requires 30 
days to emerge as adults when reared on R. communis; on H. annuus and A. hypogea 
the duration required were 33 days and 35 days. Survival of the larvae and pre-pupa is 
very low on A. hypogea compared with R. communis and H. annuus. 

The larvae of S. litura reared on R. communis, the life fecundily data indicated 
that the female started laying of eggs after 34th day of pivotal age in R. communis 
whereas in H. annuus and A. hypogea, it was 37th and 39th day of pivotal age, 
respectively. The fecundity of S. litura reared on R. communis was higher than the 
others. Correspondingly, the net reproductive rate was higher (963.95) on R. communis 
compared with that on H. annuus (744.59) and A. hypogea (457.99) (Table 2). 

The intrinsic rate of natural increase (rm) on R. communis (0.194) was 1.3 times 
higher than that an A. hypogea (0.152). The intrinsic rate of increase is the true 
measure of the reproductive potential of an organism (Chaudhari and Nikam, 2001). 
The highly preferred food plant not only accelerates larval development but also 
enhances fecundity (Sedlacek et al., 1986). In the present study, higher survival and 
fecundity were observed in S. litura reared on R. communis resulting in a very high 
intrinsic rate of population increase (rm: 0.194 female/female/day). The lowest rm of 
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TABLE t. Development period (day) and survival (%) of the immature 
Spodoptera litura reared on the three host plants in the laboratory at 


3024 1°C 
Stage Host plants 
R. communis H. annuus A. hypogea 

Egg Duration (Days) 04 0-5 0-5 

Survival (%) 100 + 0.0 100 + 0.0 100 + 0.0 
Larva Duration (Days) 5-16 6-19 6-25 

Survival (%) 81.08+4.55 77.36 +5.47 68.604 7.14 
Pharate Duration (Days) 17-18 20-21 26-27 
pupa Survival (%) 75.00+ 1.00 66.00+1.00 58.50 + 1.00 
Pupa Duration (Days) 9-30 22-33 28-35 

Survival (%) 62.42 +8.58 56.25 +4.04 46.88 + 3.82 


TABLE 2. Mean length of generation, intrinsic rate of natural increase (rm) and 
finite rate of increase in numbers (A) of Spodoptera litura reared on three host 


plants 

Parameters Host plants 

R. communis H. annuus A. hypogea 
Net reproductive rate (Ro) 963.95 744.59 457.99 
Mean length of generation (Tc) 35.35 40.13 40.28 
Innate capacity for increase in numbers (re) 0.194 0.165 0.152 
Corrected rj, 0.195 0.166 0.153 
Corrected generation time (T) 35.24 39.84 40.04 
Finite rate of increase in numbers (A) 1.22 1.18 1.17 
Weekly multiplication rate (e””")/ 3.91 3.20 2.91 
Doubling time log 2/ log A 3.56 4.17 4.54 
Hypothetical F2 females (Ro)? 929199.60 554414.26 209754.84 


0.152 was realized by insect reared on A. hypogea. Correspondingly, the population 
doubling time on A. hypogea (4.54) was 1.3 times longer than that on R. communis 
(3.56). 

Host plant suitability can be assessed using the population parameters, such as, rj») 
and doubling time (Edward George, 2000). Based on the rm value, the host suitability 
of the S. litura decreased in the following order: 


R. communis > H. annuus > A. hypogea. 


Understandably, the high nutritional quality of R.communis leaf is responsible for 
the shorter generation time and higher rm (Garad et al., 1984; Sankarperumal et al., 
1989). Hence it was understand that the Ricinus communis may serve as a better 
host plant compared to Helianthus annuus and Arachis hypogea to obtain higher 
fecundity of female in a short period. Further, the studies on the life- table statistics of 
Spodoptera litura on three different host plants will be helpful in evolving strategies 


Life- table of Spodoptera litura on different hosts 341 


for the management for control of S. litura and also planting the unsuitable host plant 
in the field for its less number of survivals. 
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ABSTRACT: The Nucleopolyhedrovirus of Galleria mellonella (GmNPV) contains, 
in addition to the cuboidal occlusion bodies embedded with virions, another diamond 
shaped inclusion bodies (DSIBs) in the cytoplasm of infected cells, devoid of virions. 
When the third instar larvae of Mythimna separata were exposed to five varying 
concentrations of OB’s of MsNPV ranging from 2.6 x 102 to 2.6 x 10°, OB’s/ml 
along with a constant dose of 2 x 10° DSIBs/ml from G. mellonella NPV; the per 
cent mortality ranged from 70 to 96 with reduction in incubation period from 7 to 4 
days There was no mortality of the larvae when they were treated with DSIBs alone. 
The enhancement index (log jg) of the virus was found to be 3.33 or reduction of more 
than 3450 times in LC59. © 2005 Association for Advancement of Entomology 


KEYWORDS: Nucleopolyhedrovirus, Mythimna separata, Galleria mellonella, NPV 
diamond shaped inclusion, enhancing effect 


Multiple interactions of Nucleopolyhedrovirus(NPV) and Granulovirus (GV) had 
been reported extensively (Tanada, 1959; Lowe and Paschke, 1968; Hukuhara et 
al., 1969). Though the occurrence of spindle shaped inclusions have been reported 
in certain NPV infected insects (Huger and Krieg, 1968; Adams and Wilcox, 
1968); biological significance of these inclusions has not been studied. Recently 
Diamond shaped inclusion bodies (DSIBs) were reported from an NPV infected 
Galleria mellonella larvae (Narayanan, 1998). Present communication deals with 
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an observation made on the enhancing effect of Diamond shaped inclusion bodies 
(DSIBs) which has been reported from Galleria mellonella NPV. 


From the healthy culture of G. mellonella, the nucleopolyhedrovirus of G. mel- 
lonella (GmNPV) is multiplied which is known to have two distinct structures viz., di- 
amond shaped inclusion bodies (DSIBs) devoid of virions and cuboidal shaped occlu- 
sion bodies containing virions NPV (Narayanan, 1998). Oclusion bodies of MsNPV 
were extracted from the diseased larvae of M. separata and partially purified by dif- 
ferential centrifugation following the method of Narayanan (1985). DSIBs were sepa- 
rated from cuboidal occlusion bodies of GmNPV using SDS treatment and differential 
centrifugation following the methods of Sudhakar et al. (1997) and Lua et al. (2003) 
The final preparations were suspended in distilled water and checked for purity of 
DSIBs with phase contrast and electron microscope and was found to be 90 to 95% 
pure . Since the DSIBs of GmNPV had shown positive reaction to protein staining 
like Giemsa and iron- haematoxylin, a study has been carried out to determine the 
size of the protein following the method of Laemeli (1970). To assess the efficacy of 
the MsNPV virus in the management of M. separata, eight different concentrations, 
ranging from 2.6 x 10! to 2.6 x 108 OBs/ml were inoculated to 60 third instar lar- 
vae individually by surface contamination method. To find out the enhancing effect of 
DSIBs of GmNPY, five different concentrations ranging from 2.6 x 10? to 2.6 x 106 
OBs/ml plus with a constant dose of 2 x 10° DSIBs/ml were similarly fed to another 
set of 60 larvae. The larvae were reared individually on the virus-contaminated diet till 
their death. A similar number of larvae, treated without virus served as control. The 
dead larvae were diagnosed by microscopic examination of the squashed preparations 
for the presence of occlusion bodies. The median lethal concentration, LCs5o, was cal- 
culated following probit analysis (Finney, 1964). The enhancing effect was determined 
following the method of Hukuhara et al. (1987). 


It was evident from the table | that the LCsọ was found to decrease from 4.42 
(2.66 x 104 OBs/ml) to 0.88 (7.75 OBs/ml) with a 95% confidence interval of —1.3 to 
3.079. There was no mortality of the larvae when it was treated with DSIBs alone. The 
enhancement index (log 10) of the MsNPV with the inclusions was 3.33. The reduction 
in the incubation period was from 14 to 9 days with a mean of 11.11 days for the dose 
(2.6 x 10? to 2.6 x 10° OBs/ml) to 7—4 days with a mean of 5.8 days for the same 
dose when it was mixed with inclusions. It was evident from the SDS-page studies that 
both the polyhedral protein and inclusion protein of 30 kDa and 47.5 kDa respectively 
were seen on the gel. The molecular weight of cuboidal crystal protein determined by 
SDS-PAGE (30 kDa) confirms the earlier report of Summers and Smith (1978) with 
a molecular weight within the range of 26,000 to 30,000. Li et al. (2000) estimated 
the molecular weight of bipyramid inclusion (spindle) protein which accumulate in the 
cytoplasm of infected cells with a defective nucleopolyhedrovirus from Choristoneura 
fumiferana (Cf(DEFNPV) as 50 kDa protein which they termed as spindlin which 
agrees with present findings. From these results it can be said that the infection of 
G. mellonella with its nucleopolyhedrovirus not only results in prolonged cuboidal 
(polyhedral) protein production in the infected cells but also stimulates (spindle) 
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TABLE 1. Infectivity of a M. separata Nucleopolyhedrosis virus with and 
without Diamond shaped inclusion bodies (DSIBs) of GmNPV 


Treatment Regression LCs5o Fiducial limit | Enhancement 
equation index 
1. MsNPV y = 3.436 +0.353x 4.42 3.85-5.16 
(2.66 x 104) 

2. MSNPV + y= 4.754 +0.275x 0.88 4.03-2.27 3.33 

DSIBs of (0.77 x 10!) 

GmNPV No mortality 
3. DSIBs of 

GmNPV 


protein synthesis in the infected cells in the form of diamond shaped inclusions. 
Further it is presumed that viral genome control these inclusions as it is evident 
from the presence of inclusions invariably associated with viral cuboidal occlusions 
in almost all the larvae infected with this virus and there was no mortality of the larvae 
when they were inoculated with constant dose of 2 x 10° inclusion bodies alone of 
GmNPV. Though the enhancing effect of spindle shaped inclusions associated with an 
entomopoxvirus has been reported for the homologous and heterologous NPVs (Xu 
and Hukuhara, 1992; Mitsuhashi et al., 1998; Chakraborty et al., 2004); this is the first 
report of similar property of enhanced function of DSIBs associated with baculovirus 
along with its molecular weight. 
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ABSTRACT: The lifecycle of E. furcellata was studied on the larvae of Zygogramma 
bichlorata under laboratory conditions and found to complete in 19-20 days and was 
almost same as that reported earlier. The phenomenon of cannibalism was observed 
in these predators and the elder nymphal stages were seen feeding on the younger 
ones. The present report on cannibalism in E. furcellata in laboratory conditions 
will be of great help in devising a suitable strategy for their commercial production. 
© 2005 Association for Advancement of Entomology 


KEYWORDS: Eocanthecona furcellata, Zygogramma bichlorata, Cannibalism 


Zygogramma bichlorata has been reported as a potential bio-control agent of 
Parthenium histerophorus, from many parts of India (Jayanth and Bali, 1993; Pandey 
et al., 2001). During field evaluation of P. histerophorus, a bug, Eocanthecona 
furcellata (Wolff.), identified at F.R.1., Dehradun, was found predating on the larvae 
of Z. bichlorata in Haridwar District. The adults of E. furcellata were collected 
from a number of locations in field and reared in the laboratory of Department of 
Environmental Sciences of Gurukul Kangri University at a temperature range of 25°C 
to 35°C and humidity range of 30 to 60%. Parthenium plants were kept as food for 
supporting 3rd and 4th instar larval stages of Z. bichlorata, which were offered as 
food for E. furcellata nymphs and adults. The lifecycle of E. furcellata was studied 
in the laboratory conditions and it was found to be almost same as reported earlier 
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FIGURES 1-4: Photographs of the various developmental stage of Eocanthecona furcellata. |. Eggs laid 
on stems (arrows); 2. Fifth instar nymph; 3. Adult and nymph stages feeding on Zygogramma bichlorata 
larvae. 4. Adult male and female (Dorsal & Ventral Side). 


(Bhadauria et al., 1999; Choudhary et al., 1989). The total life-cycle completed in 
19-20 days. The egg period lasted for 5 days. A female bug laid an average of 
182.70 eggs in 2-7 (average 4.5) egg batches. A batch contained 35-50 eggs and 
the average fecundity was noted to be 40.6. The bug passed through 5 nymphal instar 
stages. The nymphs bear a black head and a reddish body with black mosaic like 
designs. The total nymphal period ranged from 12 to 18 (mean 14) days. The mean 
duration of the 1st, 2nd, 3rd, 4th and 5th instars lasted for 2.75, 2.85, 2.80, 3.4 and 4.6 
days, respectively. The adults are brownish in colour and display typical pentatomid 
characters. The adult longevity of the male that ranged from 6 to 32 (mean 25.2) days 
was less than that of female, which ranged from 12 to 42 (mean 31.2) days. Usually 
the male adults emerged a few hours prior to the females. Mating usually took place 
2-7 days after adults emerged. Copulation continued for 4 to 9 hours. The eggs were 
laid 2-3 days after mating. The pre-oviposition period ranged from 5 to 12 (mean 8.2) 
The oviposition period varied from 8 to 18 (mean 13.2) days. The post-oviposition 
period ranged from 2 to 14 (mean 8.9) days. If kept in congested conditions for 3- 
4 days, they start dying probably due to lack of air. Interestingly the females could live 
more than males when there is shortage of food and air. The sex ratio is in favour of 
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males i.e more number of males emerge than the females, from the collection of eggs 
laid at one time. 


Mode of feeding 


Both the nymphs and adults of E. furcellata feed on the larvae of Z. bichlorata 
by using their long, four segmented proboscis/rostrum. The size of the proboscis 
increased with every passing stage. It was 5.10 + 0.12 mm. in the case of adult 
female, 4.70 + 0.25 mm. in the case of adult male and in the case of 5th, 4th, 3rd 
instars it was 4.27 + 0.30 mm., 2.74 + 0.29 mm., 1.40 + 0.35 mm., respectively. 
The proboscis, extended in front is used to pierce the larval integument (usually 
through the pores) and then suck the body fluid of larvae (Plate-!). The Ist instars 
transformed into 2nd instars without feeding. The younger stages like the 2nd and 
3rd instar nymphs attacked the larvae of Z. bichlorata in a group while the elder 
stages attacked singly. A full grown adult took around one hour to suck the entire 
content of a 4th instar larva of the mexican beetle. The nymphs and the adults were 
also seen carrying the feeble larvae attached to their proboscis when disturbed. Most 
importantly, the phenomenon of cannibalism was also observed in these insects. The 
elder stages were seen to cannibalize on the younger ones by piercing their proboscis 
and sucking their body contents, leaving behind their outer body. This was usually 
done when the latter were in the state of moulting i.e., they were less active. This 
phenomenon of cannibalism may be attributed to the stress caused by over-crowding in 
a small box. The present report on cannibalism could have wide ranging implications 
that are far reaching while studying the rearing conditions and other related aspects of 
this very important predatory bug. This could be of great help in devising a suitable 
strategy for commercial production of £. furcellata. 
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ABSTRACT: Davidiella cinnamomi a new genus and species of whitefly (Hemiptera: 
Aleyrodidae) infesting Cinnamomum sulphuratum in Kudremukh National Park, 
Karnataka is described and illustrated. © 2005 Association for Advancement of Entomology 
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INTRODUCTION 


This paper describes the features of a new genus and species of whitefly found 
infesting Cinnamomum sulphuratum, in Kudremukh National Park, Karnataka. A 
detailed study of the structural features of the puparium indicated that the species 
does not fit under any known genus of Aleyrodidae. Hence, a new genus, Davidiella 
has been proposed to accommodate this new species. 


Davidiella gen. nov. 


Type species Davidiella cinnamomi gen. et sp. nov. 


Diagnosis 


Puparia pale or dark brown, thoracic and caudal tracheal pore areas not differenti- 
ated from margin; submargin separated from dorsal disc only on cephalothorax by 
cephalothoracic furrow; longitudinal and transverse moulting suture merging with 
cephalothoracic furrow; dorsum tassellated; submargin with a row of setae; cephalic, 
eighth abdominal and cauda! setae present, first abdominal setae absent; vasiform ori- 
fice subcircular, not elevated; operculum subcordate, filling the orifice and obscuring 
lingula, inner wall of vasiform orifice without comb of teeth. 
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Etymology Named after Prof. B. Vasantharaj David, for his invaluable contribu- 
tions in the field of whitefly taxonomy. 


Comments This genus resembles Cockerelliella Sundararaj and David (1992), but 
differs distinctly in the absence of thoracic and caudal tracheal pores and furrows. It is 
also close to Fippataleyrodes Sundararaj and David (1992) in having no indication of 
thoracic tracheal fold and pore but differs by having submargin separated from dorsal 
disc on cephalothorax by cephalothoracic furrow and by the absence of first abdominal 
setae. 


Description 


Davidiella cinnamomi sp. nov. (Figs. 1-4) 

Puparium Pale or dark brown in colour, without secretion of wax; submedian area 
yellow or black in colour, median area jet black in colour, convex, cuticle hard, takes 
more time for bleaching, broadly subcircular in shape; 1.36-1.48 mm long, 1.15— 
1.28 mm wide; found singly as well as in groups, eight to ten per leaf on the under 
surface of leaves (Fig. 1). Margin smoothly crenulate, 21-32 crenulations in 0.1 mm 
(Fig. 2); thoracic and caudal tracheal pores not indicated. Anterior and posterior 
marginal setae respectively, 9 and 11 um long (Fig. 1). 


Dorsum Dorsum deeply tassellated (Fig. 3). Submargin separated from dorsal disc 
only on cephalothorax by cephalothoracic fold or suture which is continuous with the 
transverse moulting suture. Submarginal striations evident; submedian depressions on 
cephalothoracic and abdominal segment sutures evident. Longitudinal and transverse 
moulting sutures merging with cephalothoracic suture. Submedian pockets on the 
abdominal segments suture faintly discernible (Fig. 1). 


Chaetotaxy Cephalic setae 10 pm long, eighth abdominal setae 15 um long, 
submarginal caudal setae 3.5 jim long. First abdominal setae absent. Submargin with 
a row of 12 pairs of setae-5 pairs on cephalothorax and 7 pairs on abdomen, 16-21 zm 
long. 


Vasiform orifice Subcircular; operculum subcordate, filling the orifice and obscur- 
ing the lingula (Fig. 4). 


Venter Paired ventral abdominal setae 19 um long, 24-62 um apart. A minute 
setae at base of pro-, meso- and metathoracic legs present, 9 wm long; a pair of 
minute setae at base of rostrum 5 um long. Antennae reaching base of prothoracic 
legs. Thoracic and caudal tracheal folds absent (Fig. 1). 


Material examined 


Holotype puparium, India: Karnataka: Kudremukh National Park, on Cinnamomum 
sulphuratum, 10.ix.2001, A. K. Dubey, deposited in the collections of Forest Research 
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FIGURES 1-4: Davidiella cinnamomi gen. et sp. nov. 1. Puparium; 2. Margin; 3. Tassellation; 4. Vasiform 
orifice; Cephalothoracic furrow (CF), thoracic trached pore (TTPR), vasiform orifice (VD). 


Institute, Dehra Dun; paratypes, 4 mounted puparia with data as of holotype. One 
paratype each deposited in the collections of the Natural History Museum, London, 
United Kingdom; National Museum of Natural History, Tel Aviv University, Israel; 
Staatliches Museum für Tierkunde, Dresden, Germany; Systematic Entomology 
Laboratory, U.S. Department of Agriculture, Beltsville, Maryland, USA. 


Etymology 


Named after its host plant genus Cinnamomum. 
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Biology of Spodoptera litura on different cotton 
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ABSTRACT: Biology of Spodoptera litura varied significantly on seven cotton culti- 
vars. Based on the developmental indices the susceptibility of cultivars to S. litura 
came in the following order LRA > MCUI2 > SVPR3 > Surabhi > Sumangala 
> SVPR2 > MCUS. Higher protein and carbohydrate content of host plant had 
favourable influence on growth and development; phenol and lipid content restricted 
the development of insect. Carbohydrate and protein content were maximum in 
LRAS166; lipid and phenol content were high in Sumangala, Surabhi and SVPR2. 
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Cotton, (Gossypium spp.,) is one of the principal commercial cash crops grown in 
India and it earns foreign exchange. Among the several factors that contribute to low 
productivity of cotton, the insect pests constitute the major factor. This work was 
undertaken to study how different cotton cultivars that are commonly grown in cotton 
belt areas of Tamil Nadu influence the growth and development of S. litura and to 
recommend to the farmers the best variety offering resistance to S. litura. 

Seven varieties of cotton seeds SVPR2, SVPR3, MCUS, MCU12, LRA5166, 
Sumangala and Surabhi were obtained from Cotton Research Station, Srivilliputtur 
and grown in Loyola College, Chennai. Biology of S. litura on the cotton cultivars 
was studied under laboratory conditions (29-32 'C and r.h. 70-80%). Newly emerged 
larvae were transferred to freshly collected middle leaves of cotton cultivars and 
grown up to pupation in the respective cotton cultivars and the various developmental 
indices were calculated by the method of Sen and Sehgal (1993), taking the most 
susceptible cotton cultivar LRAS166 as a standard (Annadurai et al., 1990). The major 
biochemical constituents of cotton cultivars were studied by the standard method of 
Lowry et al. (1951) for protein, Dubvis et al. (1956) for carbohydrate, Bray and Thrope 
(1954) for phenol and Bragdon (1951) for total lipids. 

The larval-pupal index was low and pupal, survival, growth, fecundity, adult 
longevity and success indices were maximum in larvae reared on LRAS 166, MCU12, 
Surabhi and SVPR3 cultivars (Table 1). Larval-pupal index was high and other 
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TABLE 1. Impact of different cotton cultivars on various developmental 
indices of Spodoptera litura 


Cultivars Larval- Pupal Survival Growth Fecundity Adult Success 
Pupal index index index index longevity index 
index index 

SVPR2 1.37€ 0.808 0.915 3.543 0.694 0.834 0.95> 

SVPR3 1.14% 0.92€ 0.96 4.715 9.925 0.852 0.97be 

MCUS 1.42€ 0.78 0.862 3.523 0.83b 0.852 0.99¢ 

MCU12 0.933 0.95€ 0.945 5.80%" 0.96"  0.96° 0.95> 

LRA5166 1.002. 1.00° 100° 5.56? 1.006 1.00¢ 1.00¢ 

Sumangala 1.20° 0.622 0.773 3.748 0.634 0.813 0.854 

Surabhi 1.023 0.90 0.823 5.49? 0.94? 0.898  0.92P 


Similar alphabets in the column are statistically not significant (p < 
0.05, LSD). 


TABLE 2. Biochemical parameters of different cotton cultivars 


Cultivars Carbohydrate (mg/g) Protein (mg/g) Lipid (mg/g) Phenol (mg/g) 
SVPR2 48.14 + 8.228 10.84 + 1.322 36.524 3.115 10.47 + 1.08° 
SVPR3 70.72 + 10.47? 20.51 + 3.15P”° 21.33+ 5.704 8.18 0.222 
MCU5 58.68 + 7.734 15.38 + 2.600  36.43+ 7.60" 9.194 0.720 
MCU12 70.61 + 12.290 17.384 1.325 19,25+ 3.257 8.81 + 0.51% 
LRAS166 84.13 + 11.42%¢ 20.64 1.67 16.174 5.25% 7.68 + 0.77? 
Sumangala 54.42 + 10.094 11.444 2.923 44.324 4.56 10.19 + 1.09€ 
Surabhi 77.99 + 17.18? 20.85+ 2.665 17.674 5.532 7.884 0.378 


Similar alphabets within the column are statistically not significant (p < 0.05, LSD). 


developmental indices of were low in insects reared on Sumangala, SVPR2 and 
MCUS varieties (Table 1). These findings indicate the susceptibility of cultivars to S. 
litura in the following order LRA > MCUI2> SVPR3> Surabhi> Sumangala > 
SVPR2> MCUS. The differences observed in various developmental indices of S. 
litura were due to significant variation (p < 0.05; LSD, Table 2) in the biochemical 
composition of leaves of different cotton cultivars. Carbohydrate content was maxi- 
mum in LRAS5166, protein content was maximum in Surabhi, lipid composition was 
maximum in Sumangala and phenol content was maximum in SVPR2 and Sumangala 
cultivars 

The presence of high protein and carbohydrate in the host plant had influence on 
the development of insect. Egg, larval, and pupal period had negative correlation 
(— 0.451 to — 0.867) to protein and carbohydrate content of the host plants and positive 
correlation (0.456 to 0.760) to phenol and lipid content. Pupal weight, pupation, adult 
emergence, fecundity, adult longevity and egg hatchability had significant positive 
correlation (0.467 to 0.934) to the protein and carbohydrate and negative correlation 
(— 0.295 to — 0.936) to phenol and lipid content of the host plant. These correlation 
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studies revealed that higher the protein and carbohydrate content the greater the growth 
of insect; higher phenol and lipid contents the lower the development of insect. Pupal 
duration of S. litura significantly varied among the cotton cultivars; it was short on 
the most preferred and long on the least preferred cultivars. The low level of nutrients 
and higher concentration of phenols in the least preferred cultivars offer a source of 
resistance by limiting the energy content of both the pupa and adult. Similar results 
were earlier reported by Dubey et al. (1981); Mayhew (1997). 

Presence of phenolic compounds in host plants reduces the efficiency of assimi- 
lation, conversion and also regulates the endocrine events of insects. This leads to 
improper growth and secretion of moulting hormones thereby resulting in prolonged 
development, suppression of moulting and defect in reproductive physiology of the 
insects. Similar results have been reported by Verma et al. (1974). Plants having high 
protein typically support the best insect growth (Annadurai et al., 1990; Hedin et al., 
1991). Our study revealed that variety MCUS was least susceptible to S. litura and this 
variety has been recommended to the farmers. 
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ABSTRACT: Shoot borer, Peridaedala sp. (Lepidoptera: Tortricidae) was ob- 
served to cause damage to orchids by boring into shoot during rainy sea- 
son. It damaged 16 species of Dendrobium and 22 other species of orchids 
under 14 genera. This is the first report Peridaedala sp. infesting orchids. 
© 2005 Association for Advancement of Entomology 
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Realizing floricultural importance of orchids, a National Research Center for Orchids 
is established in Pakyong, Sikkim. At present, more than 400 orchid species collected 
from different parts of the country are maintained for their commercial utilization. The 
plants are kept under open polyhouse/ partial shade. 

Shooi borer Peridaedala sp. (Lepidoptera: Tortricidae) measuring about 8-10 mm 
in length was observed to cause damage on many orchids during rainy season and they 
disappear at the end of the season. Adult moth is black in colour and larvae, green- 
ish yellow. Eggs are laid on new shoot and emerging larvae bore downward, feeding 
on stem/ cane. Larval excreta can be seen coming out from the hole made by larvae. 
Pupation takes place inside the tunnel. Further growth of plant is arrested and flower 
production gets affected. Dead shoots or yellow shoots flag on the stem. Out of 42 
species of genus Dendrobium, the pest Peridaedala sp. was observed to cause signifi- 
cant damage on 16 species, viz., Dendrobium aduncum, D. aphyllum, D. bulboflorum, 
D. chrysanthum, D. fimbriatum, D. gratiotissimum, D. heterocarpum, D. jenkinsii, D. 
lituiflorum, D. moschatum, D. nobile, D. pendulum, D. pierardii, D. transparens, D. 
wardianum and D. williamsonii. In addition, 24 species under 14 genera of orchids 
were also found susceptible to the shoot borer. These are Acampe rigida, Aerides mul- 
tiflora, A. odorata, Agrostophyllum callosum, Arachnanthe cathcartii, Ascocentrum 
ampullaceum, Epidendrum radicans, Eria graminifolia, E. paniculata, E. pubescens, 
E. spicata, Liparis grandiflora, L. plantaginea, L. viridiflora, Micropera mannii, Rhyn- 
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FIGURE |. Shoot borer infestation on Dedrobium nobile (Inset larva and adult). 


chostylis retusa, Saccolabium acutifolium, Pelatantheria insectifera, Smitinandia mi- 
crantha, Vanda cristata, V. coerulea, V. coerulescens, V. pumila and V. stangeana. 


ACKNOWLEDGEMENT 


Author is grateful to Ethan C. Kane, MS, Entomologist, Communications and 
Taxonomic Services Unit, Systematic Entomology Laboratory, USDA-ARS-PSI, 
Beltsville, USA for confirming the identification of species. 


(Received 17 August 2005; accepted 19 January 2006) 


REVIEW OF BOOK 


Heliothis/Helicoverpa management: emerging trends 
and strategy for future research 


Hari C. Sharma 
ICRISAT, Patencheru 502324: Oxford and 
IBH Publishing Company, Pvt. Ltd., New Delhi: 469 pp. 


This unique volume highlights the diverse management strategies against the cotton 
boll worm Helicoverpa/Heliothis, whose adaptations to exploit transient habitats 
created by the intensification of agriculture, have made them major pests causing 
huge economic losses world wide, including the semi-arid tropics, USA, Canada, 
Australia and South America. Their high mobility, polyphagy, high reproductive 
rate, ability to diapause and development of high level of resistance are contributory 
factors towards the pest status. This book therefore is a timely publication presenting 
diverse positive strategies currently in use against Helicoverpa armigera in India and 
Helicoverpa zea and Helicoverpa virescens in other countries. The volume comprises 
24 chapters written by specialists across the globe on diverse facets of bollworm 
biology, bioecology and management strategies involving a combination of strategies 
for the traditional cultural management, biological and chemical control and genetic 
engineering. 

Host plant resistance has received more emphasis on the physical and chemical 
mechanisms of resistance as well as utilization of wild relatives of crops for resistance. 
Of particular interest are the chapters on the development of transgenic crops 
for resistance, resistance to Bt and insecticide resistance management strategies. 
Recent trends of research have been well discussed, especially molecular breeding 
of Helicoverpa, resistance to gram legumes, alternative molecules as candidates for 
genetic transformation of crops for resistance and Strategies for development of 
Helicoverpa resistant transgenic crops. 

Interesting and useful information has been presented in terms of the adoption of 
Integrated Pest Management (IPM) approaches which have expanded dramatically in 
cotton production in countries like Australia. The adoption of IPM has been facilitated 
by one-farm demonstration, and increased availability of selective pesticides and 
transgenic crops which are compatible with IPM. Emphasis has been laid on an 
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integrated approach to Helicoverpa/Heliothis problem so that it may be possible to 
achieve a long term goal of sustainable pest-management strategies with minimal 
impact on the environment. 

Monitoring and forecasting Helicoverpa/Heliothis population are discussed besides 
the life table analysis emphasizing the key mortality factors. Success and failure 
and emerging trends in the management and prospects of future research are also 
well discussed. Equal emphasis has been laid on high priority of biotech-assisted 
programmes using multidisciplinary teams that embrace the application of genomics 
to enhance utilization of genetic resources in plant breeding programmes. The role of 
biotechnology acting as a functional bridge between germplasm collections has been 
highlighted with breeding programmes facilitating the mining of genetic resources for 
drought, insect and disease resistance. Recent trends in research involving molecular 
breeding of Heliothis resistance to gram legumes, alternate molecules as candidates 
for resistance and strategies for development of Helicoverpa resistant transgenic crops 
have also received considerable attention. 

In today’s scenario, management of Helicoverpa/Heliothis holds priority and the 
book under review brings to light multidimensional profiles of the subject, by a host 
of competent authors whose practical experience in the field, notably the scientists of 
ICRISAT, has brought to light some of the major problems and solutions to the same. 
The editor Hari C. Sharma, a very productive and competent entomologist needs to be 
congratulated for compiling this very useful and excellent volume which should adorn 
the shelves of entomologist and agricultural scientists. 
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Animal biodiversity Patterns and Process 


T. N. Ananthakrishnan and K. G. Sivaramakrishnan 
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Jodhpur 324001, India. ISBN: 81-723-430-3 


As the title suggests, this book focuses on the patterns and processes in biodiversity 
of animals, taking into account the ecosystem, its functions and other critical aspects. 
The main theme is the biodiversity and its pattern at different levels, but some aspects 
of concern to the conservation and other environmental strategies are also addressed. 
The first chapter discusses the dimensions and implications of biodiversity. It is 
certainly the broadest chapter in the book and is like a prelude to what has to come 
in the book in the later chapters and thus gives an overview. The chapters that follow 
explore the biodiversity and its relationships from different angles with various topics 
dealing with values, generation, maintenance, patterns and functional aspects. There 
are chapters on the agroecostem, litter, soil, marine, fresh water, island, and tropical 
forest agroecosystems. These chapters are particularly in elaborate details and give 
indepth aspects of all the important phenomena involved in biodiversity functioning 
and its systems leading to the patterns and processes specific to these ecosystems. Most 
of these focus on only the most significant aspects and deliberate on areas pertinent to 
the patterns and processes in biodiversity with a good collection of literature citations 
and examples. 

The focus in some chapters shifts more to wide ranging topics like insects and 
insect-plant interactions, remote sensing, conservation, management and intellectual 
property rights. These chapters provide a quick overview of the present status 
in these areas. The benefits of conservation techniques are emphasized in the 
least optimum manner along with IPR aspects. The last chapter delibrates on the 
future scenario in biodiversity highlighting the multidimensional implications and the 
disaster management aspects. The chapter entitled host parasite vector biodiversity 
though seems out of place, takes care of the almost ignored aspects of host parasite 
relationships at the different trophic levels; but even in this attempt the interactions 
had been totally ignored. The last two chapters provide some insight into where these 
rapidly changing areas of biodiversity are headed. 
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This book is perhaps an overview in the area of biodiversity of animals that I have 
ever seen. The chapters on the various ecosystems are particularly strong. They are 
nice to read with occasional examples. The literature refereces provide valuable hints 
into future reading into the various functions, patterns and processess of biodiversity. 
If there was a weak point with this book, it would be on of omission of genetic, 
and ecological diversity aspects which are interwining with each other with species 
diversity in terms of multidimensional interactions. The diversity of man as an animal 
has been entirely overlooked; anthropological diversity and its patterns have a lot to 
influence on the entire biodiversity. The molecular and genetic aspects of biodiversity 
have not been touched upon, but it would be great to see more in-depth coverage 
if one wants to be entire in approach. It would also be nice to have more coverage 
of examples from undisturbed ecological situations encompassing all components 
including plants, other biotic and abiotic components. 

This book is in many ways a summary of the state of the art on the various topics 
and would serve as a valuable collection. It would be most useful to a research scientist 
or investigator new to this area because the information content is mostly a summary 
or status report of what is known. Overall, the book is handy and comprehendible even 
to those not very familiar with the topic. This makes the book ideal for anyone who 
wants a good introduction or overfiew or the topics on different aspects of biodiversity 
of animals. Most chapters have an extensive coverage, which will allow the reader 
to rapidly get to other important aspects of biodiversity. Finally I cannot but resist 
mention about the intellectual stamp of Prof. TN Ananthakrishnan pervading far and 
wide in the nook and corner of the book and make it an intellectual treat to cherish 
forever. 
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